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Incorporation of [1,5 - 14C2] Citrate into the Various Fatty Acids of the

Mouse Liver by R. Arbeux, S. Rous and P. Favarger Institute of Medical Bio-

Chemistry, University of Geneva, 1211 Geneva 4, Switzerland
(Received May 4, 1970)

The works of several groups of researchers have enabled the attribution to
citrate of three essential roles in the synthesis of fatty acids: that of
precursorl, that of activator and that of carrier of the acetyl group. The
incorporation into the fatty acids of the acetyl group resulting from the break-
down of citric acid is even greater than that of the acetatez—S; its activator6—
role results from its effect on acetyl CoA carboxylaseg’lo. Finally, citric acid
enables acetyl CoA to leave the mitochondrialo_lz; and it is outside of these
cells that the enzymes for the synthesis of fatty acids seem to be the most
active13’28. However, the role of citrate in the synthesis of fatty acids in
living animals has not yet been precisely described. Its role as an activator
seems debatable in vivo because the concentrations of citrate necessary to cause
an activation of the synthesis of fatty acids in vitro greatly exceeds the quan-
tities present in the tissues6‘8’14.

In this work, we are especially interested in the role of citrate as the
precursor in the synthesis of fatty acids in the mouse. We thus anticipate ob-
taining information as well on its role as a carrier because the two functions
are closely related. It could not really be said that citrate carries the
largest fraction of the acetyl CoA from the mitochondria if it was not a good
precursor. We have also studied its incorporation into the principal fatty
acids of the liver and carcass and also in the different cellular parts of
the liver, so as to acquire information on the localization of lipogenesis.

To be able to validly discuss the problem of its dilution by endogenous citrate,
we were also interested in its incorporation into fatty acids and its penetra-
tion into the liver and adipose tissue as a function of time. A complementary
study on the incorporation of (4-14C)-aspartate into fatty acids enabled the

additional suggestion of a particular mechanism for the synthesis of stearic

acid from citrate.
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Material and Methods

Preparation and Treatment of Animals

The mice received ad libitum "Nafag" cubes (compressed food for mice) on
the days preceding the experiment. A last meal comprised of 1 g of food
succeeding a 3-hour fast was ingested 1 hour before the administration of
radioactive precursors.

Experiments 1 and 2 - Some mice received 10 uC (Exp. 2: 50 uC) of
[1—5—1402]-citrate (15.4 pC/mmole)and 10 uC (Exp. 2: 50 uC) of [2-3H] acetate
(500 uC/mmole) and were sacrificed 30 minutes afterwards. The organs were
immediately removed and fixed by alcoholic potash before extracting the fatty
acids from them (Exp. 1) or treated to separate the different cellular fractions
(Exp. 2).

Experiment 3 — Mice received an injection of 100 uC of [4—14C] aspartate
(20 pC/mmole) and 10 uC of [2-3H] acetate (500 uC/mmole) and were sacrificed
12 minutes later. The fatty acids from the carcass of two mice were extracted,
isolated by chromatography and the radioactivity of palmitic, stearic and oleic

acids was measured.

Experiment 4 ~ Three groups of 5 mice received in intravenous injection
12 uC of [1,5-14C2] citrate and 15 uC of [2—3H] acetate and were sacrificed
12, 30, 60 and 120 minutes afterward. Bits of tissue were quickly sampled to
determine from them the gross activity. The rest of the animal was fixed with
alcoholic potash and the fatty acids extracted. ‘

Preparation of Cellular Liver Fractions

The livers (Exp. 2) were chilled in ice, weighted, then homogenized between
0° and 4° in 10 vol. of 0.25 M saccharose using a Potter equipped with a Teflon
piston. The cellular fractions were separated according to the technique of
Christ and Hulsmann17. The homogenate was centrifuged at 800 x g for 3 minutes
to elfminate the nuclei and cellular debris; the supernatant was centrifuged at
4500 x g for 10 minutes to isolate the mitochondria; the supernatanf of this
second centrifugation was centrifuged for 30 minutes at 100,000 x g to obtain
the real supernatant and the microsomes. The purity of the fractions was veri-
fied by an electron microscope thanks to the willingness of the Imstitute of
Histology and Embryology of the University of Geneva. An aliquot of each
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fraction, suspended in 0.25 M saccharose was used to measure the proteins by

the biuret method.18

Saponification, Extraction and Separation of the Fatty Acids

The different tissues and cellular fractions of liver were saponified using
alcohol KOH, then the fatty acids were extracted with petroleum ether after the
elimination of the unsaponifiable fraction. Methyl esters were prepared and
extracted according to the method of Lasker and Theilaker15 (Exps. 1 and 3).
Palmitic, stearic and oleic acids were separated by thin-layer chromatographyl6
and by gas-liquid chromatography (column: apiezon L 15% on Aeropak, length
10 feet, diameter 3/8 inch; temperature 2000; gas vector: helium; yield:

80 ml/min), the methyl esters were hydrolyzed and the fatty acids extracted

8o as to avoid all eventual contamination by the stable phase. The radioacti-
vity of the fatty acids was measured by liquid scintillation (15 ml of a solu-
tion containing 5 g of diphenyloxazole and 300 mg of 1,4-bis-(5-phenyloxazolyl-

2) benzene per liter of toluene. "Quenching' was estimated according to Hendler19

Determination of the Gross Activity of the Tissues (Exp. 4)

50 to 100 mg of liver, adipose tissue or muscle (weight of fresh tissue) were
removed,weighed and placed in a flask containing 1 ml of Soluene (Packard), then
stored in a water-bath at 60° for about 12 hours or until the complete dissolu-
tion of the tissue; 14 ml of scintillating liquid of similar composition as
that described for the fatty acids, was added to each flask before determining
the radioactivity by means of liquid scintillator.

Results

Experiment 1 - Citrate was slightly incorporated into the fatty acids of the
carcass and liver, as compared to acetate, more so in those of the kidney and
intestine. If the total incorporation is considered, it is found that the fatty
acids of the intestine incorporate more citrate than those of the liver. The
importance of these two organs is the inverse with acetate which is better in-
corporated into the liver than citrate.

The 3H/lAC ratio of palmitic acid is about two times greater than that of

stearic acid in the carcass. This is not the case in the liver (Table 1) where

oléic acid presents the lowest 3H/14C ratio.
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Experiment 2 - Thirty minutes after the injection of [1,5- CZ] citrate and

[2-3H] acetate into live animals, we found in fatty acids of the supernatant
P

and the hepatic mitochondria, the same proportion of the two precursors.

14

In the

mitochondria, [2— H] acetate was better incorporated than [1,5-7°C ] citrate

(Table 2).

Experiment 3 - As would be expected [4—1 c] aspartate was incorporated very

little into the fatty acids in relation to the [2- H] acetate.

Compared to

acetate, the [4-14C] aspartate participates more actively in the synthesis of

stearic acid and of oleic acid than in that of palmitic acid.

For an identical

quantity of the two radioactive precursors, the H/ C ratios of the three fatty
acids are 166 and 144 for palmitic acid, 83 and 63 for stearic acid, 50 and 23

for oleic acid.

Experiment 4 - The H/ C ratios in liver,

adipose tissue and muscle observed

14

12, 30 and 60 minutes after the administration of [2- H] acetate and [1,5- 2]

citrate increased significantly as a function of time (Table 3).

Table 1.

Incorporation of [1,5-

14

C2] citrate and [2—3H

] Acetate into Fatty Acids

Mice received 10 yuC of citrate and 10 uC of acetate in intravenous injections

and were killed 30 minutes later.

The activity was expressed as disintegration/

minute per mg of fatty acids (specific activity) or as % of radiocactivity of the

total fatty acids found in each organ.

parentheses.

Precursor

[1’5_14

[2—3H] Acetate

3H/14

[1,5—1402] Citrate

[2—3H] Acetate

3,14

B/ C Palmitic acid
Stearic acid

Oleic acid

C2] Citrate

Carcass

25.9 (7.2)
67.7 (12.5)
2.6 (0.6)

54.27
63.97%
3.4 (0.45)
1.7 (0.27)
3.5 (0.25)

The standard deviations are indicated in

Liver

41.7 (14.5)
273.3 (28.5)
6.5 (0.6)

16.47
27.3%
6.4 (0.81)
7.4 (1.10)
4.3 (0.25)

Kidney

38.8 (7.5)
43.0 (5.8)
1.15(0.08)
1.27
0.6%

Intestine

373 (49)
343  (66)
0.9 (0.09)
28.27%
8.2%
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Table 2. Incorporation of [1,5- C2] Citrate and [2-3H] Acetate into Cellular

Fractions of Mouse Liver

The animals received in intravenous injection 50 uC of [1,5—1402] citrate and

50 uC of [2—3H] acetate and were sacrificed after 30 minutes. The radioactivity
of the fatty acids found in the three fractions (supernatant, microsomes, mito-

chondria) was considered to be equal to 100.

Mouse No. 1 2 3 4 M

Supernatant 14C 23.4 21.3 21.3 31.5

3y 18.7 22,4 17.7  31.2

3a/tc 0.80 1.05 0.83 0.99  0.92
Microsomes 14C 65.3 60.7 41.7 54.8

3 69.4  59.7  44.5  54.0

3a/1%¢ 1.06 0.98 1.06 0.99 1,02
Mitochondria 1*c 1.3 18.0  37.0  13.7

3y 11.9  17.9 37.8  14.8

3p/14¢ 1.05 1.0  1.02 1.09 1.01

Table 3. Total Specific Activity of the Liver, Adipose Tissue and Muscle After

Intravenous Injection of [2—3H] Acetate and [1,5-1402] Citrate.

The activities are given as disintegration/min per mg of tissue. The significances
(Student's test) are indicated in relation to the results obtained after 12
minutes. The 3H/MC ratios are the averages of the 3H/14C individual values.,

Time Liver Adipose Tissue Muscle

@min) | b, 3y 3yl [ g gl | M Za wl
12 797 1430 2.0 154 172 1.0 370 1187 3.1
30 413 990 2.3 86 105 1.2 293 945 3.9
60 276 939 3.4 31 112 3.6 183 1161 5.7

P <0.01 <0.05 <0.02 <0.001] <0.01 <0.001
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Discussion

A major fact merits particular consideration: the citrate is incorporated
to a much less degree than acetate into the fatty acids of the liver and car-
cass. Actually the 3H/]AC ratios of the fatty acids in the organs where lipo-
genesis most easily takes place, in other words, the liver and the adipose
tissue, are around 3.8. Considering the fact that [2- H] acetate is about 5
times less incorporated than [2— C] acetate into the fatty acids in vivo as
well as in vitro, the incorporation of citrate into fatty acids would then be
about 20 times less than that which could be obtained utilizing [2— C] acetate.
However, since only the radioactivity of C-1 of the citrate could be recovered
in the fatty acidszz, this proportion would be brought down to 10.

Before concluding that citrate is really a poor precursor of fatty acids,
it is necessary to know whether its slight incorporation is due to the fact
that exogenous citrate is the target of significant dilution by endogenous
citrate or whether it can diffuse easily across the plasma membrane, or whether
it is used for other purposes. We will now consider these various points.,

(1) Because of the difficulties encountered by the citrate in penetrating
the mitochondria it is highly probable that exogenous radiocactive citrate, will
liberate its acetyl CoA slowly in the cytoplasm which is precisely where the
catalyzing enzyme for its breakdown is found. 14,23,24 This would permit the
confirmation of the almost identical behavior of citrate and acetate in the
synthesis of the fatty acids of the supernatant, the microsomes and the mito-
chondria.

The [2—3H] acetate would undoubtedly be directly activated in the cytoplasm26,
in other words, without previous transport by the mitochondria. Thus, the di-
lution exerted by the endogenous citrate must take place in the same way on the
two precursors studied.

(2) A too slow penetration of citrate into the cells does not suffice either
to explain its poor incorporation. The measure of gross radioactivity as a
function of time (Table 3) shows that after 12 minutes, citrate penetrated as
well as acetate into the adipose tissue and in the liver, only two times less.
The difference is more significant for muscle but this tissue hardly participates
at all in the synthesis of fatty acids. The 3H/lAC ratio goes up in the three
tissues at the same time as the actual activity diminishes. This indicates that

the penetration is largely terminated and that the 14C of citrate is subject to
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more rapid combustion than acetate, especially in muscle and liver. The major
part of the citrate which had first of all penetrated into the adipose tissue,
probably does not burn in this tissue.

(3) The low incorporation of citrate could also be explained at first
glance in the following way: citrate, after having penetrated into the cyto-
plasm would escape the effect of the splitting enzyme and thus would be lost
for the synthesis of fatty acids. Actually, the first steps of the tricarboxy-
lic cycle which brings about the transformation of citrate into a-ketoglutarate
can take in the cytoplasm (refs. 26, 27). The interpretation of the results
would not however be modified because if this pathway was competitiVe, this
would still mean that the enzyme splitting the citrate is less active. This
hypothesis, however, does not agree with the increase of the radioactivity of
the fatty acids as a function of time observed after the administration of citrate
(unpublished results). This last observation thus means that since the citrate
remains in the cell, the activity of the splitting enzyme in vivo is very weak,
as has already been suggested by Foster and Srerela.

If now we compare the incorporation of citrate to that of acetate into the
various fatty acids, we see that in the carcass of live animals citrate is used
in preference to acetate for the synthesis of stearic acid. But in the presence
of the supernatant of pigeon liver, citrate participates above all in the syn-
thesis of palmitic acid3. These differences have made us think that is not the
part of citrate which gives rise to acetyl-CoA which is better incorporated into
stearic acid, but actually that which corresponds to oxaloacetate. Actually, it
is difficult to accept that the two acetates, the one administered as is and the
other coming from citrate behave differently. To verify this hypothesis, we
injected [4—14C] aspartate which like [1,5—14
acetate in position 4. The oxaloacetate could participate in the synthesis of

C2] citrate produced labeled oxala-

fatty acids by taking the path described by Kallen and Lowenstein27 (Fig. 4) and
according to which oxaloacetate could by oxidative decarboxylation be directly
changed into malonyl-CoA. We found only slight incorporation of aspartate into
fatty acids. This fact is not surprising since this pathway can only be acces-
sory, this precursor having many other purposes, especially the synthesis of
proteins, On the other hand, the proposed pathway necessitates a deacylation,

then a corresponding reacylation, reactions which are really of very little



0094

significance, It stands out, however, from these results that in the carcass, the

synthesis of stearic acid is favored from aspartate as it is from citrate. This

would imply that the direct pathway, oxaloacetate—> malonyl-CoA preferentially

furnishes the malonyl-CoA necessary to microsomal elongation.

Summary

14
Mice received [1,5-

intravenous injections or by intubation. The radiocactivity of the fatty acids

CZ] citrate, [2-3H] acetate or [4—14C] aspartate even by

of the liver, the carcass, the intestine and the kidney was measured as well as
that of the fatty acids of the different cellular fractions of the liver. The
total specific activity of the liver, the adipose tissue and the muscle was also
measured over time, The [1,5—14C2] citrafe was incorporated to a lesser extent
than acetate into the fatty acids of the carcass and the liver. Imn the carcass,
citrate was utilized in preference to the acetate for the synthesis of stearic
acid; the same phenomenon occurs from [4—14C] aspartate. The [1,5-14C2] citrate
and the [2—3H] acetate participate in the same proportions in the synthesis of
fatty acids in the microsomes and supernatant; the incorporation of acetate was
favored in the mitochondria. The 3H/14C ratios of gross activities in the liver,
adipose tissue and muscle observed after the administration of [2—3H] acetate and
[1,5_14
as a precursor in the synthesis of fatty acids is discussed on the basis of these

C2) citrate all increased as a function of time. The role of citrate

results,’
This work was performed thanks to the aid of Swiss National Fund for Scienti-

fic Research.
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INCORPORATION DU {1.5-14C,JCITRATE DANS LES DIFFERENTS ACIDES
GRAS DE LA SOURIS VIVANTE

R. ARBEX, S. ROUS eT P FAVARGER

Institut de Biochimie Mdidicale, Iiniversité de Genéve,
1211 Genéve 4 (Suisse)

(Regu le 4 mai, 1950}

SUMMARY

[1,5-14C,)Citrate or [|- 11CJaspartate together with r2-3H lacetate were applied to
mice intravenously or by intubation. The incorporation of these precursors into fatty
acids of the liver, carcass, intestine and kidney was studied at different time intervals
after the administration. T he radioactivity of fatty acids present in liver subcellular
fractions was also measurcel.

[1,5-14C,]Citrate wa: incorporated into fatty acids of carcass and liver to a
much lesser extent than [22H lacetate. <

Moreover, it was found that in contrast with 2-*Hacetate the radioactivity
of [1,5-1C, citrate and {4 1( jaspartate appeared predominantly in the stearic acid,

The experiments with liver tissue fractions revealed that [1,5-14C; citrate and
(2-"H Jacetate were incorporated into fatty acids of microsomes and of supernatant
in the same proportion whereas in mitochondrial fraction the acetate incorporation
predominated. Irom the time-course experiments it may be concluded that the *HC
ratio found in liver, adipose and muscle tissucs after the administration of 12-*H]-
acetate as well as [1,5-1C, citrate increased as a function of time.

These results are dizcussed in relation to the role of citrate in the regulation of
fatty acid synthesis.

INTRODUCTION

Les travaux de plusieurs groupes de chercheurs ont permis d'attribuer au citrate
trois roles essenticls dans la synthése des acides gras: celul de précurseur?, cehui dlacti-
vateur et celul de transporteur du groupe acétyle. L'incorporation dans les acides
gras du groupe acétyle resultant du clivage de Vacide citnigue serait ménme plus forte
que celle de Vacétate® 25 won role d'activateurs— résulterait d'une action sur Iaeétvl-
CoA carboxylase® . Enfin Vacide citrique permettrait la sortie de l'acétyl-Co hors
des mitochondries®®32; or, ¢’est & 'extéricur de ces particules que les enzymes de la
synthése des acides gras paraissent les plus actifsi®2d, Cependant, le role du citrate
dans la synthése des acides gras n'avait pas encore ¢té précisé chez I'animal vivant.

Biochim. Biophys. Acta, 218 (19701 11-17
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12 R. ARBEX ¢! al.
Son réle d'activateur semble discutable {1 2ivo car les concentrations en citrate néces-
saires pour provoquer une activation de la synthése des acides gras in vitro, excédent
de beaucoup les quantités présentes dans les tissuss—#14,

Dans ce travail, nous nous sommes surtout intéress< au réle du citrate comme
précurseur de la svnthese des acides gras chiez la souris vivante. Nous escomptions
ainsi obtenir (galement des renseignements sur son roke de transporteur, car ces
deux fonctions sont étroitement liées. On ne peut admetire en effet, que le citrate
transporte la plus grande partic de Vacétyl-CoA hors des mitochondries, s'il n'est
lui-méme un bon précursear. Nous avons d'autre part é¢twlié son incorporation dans
les principaux acides gras du foie et de la carcasse et aussi Jdans les différentes fractions
cellulaires du fote, shin d'acquérir des informations sur la lecalisation de la lipogendse.
Pour pouvoir dizcuter plus valablement le probléme de sa dilution par le citrate endo-
géne, nous nous solmes égalament intéressés & son incorporation dans les acides
gras ¢t & sa pendtration dans le foie et le tissu adipeux on fonction du teinps. Une
étude complémentaire de Uincorporation du {4-1C j-aspartate dans les acides gras a
permis en outre de suggérer existence d'un méeanisme particulier permettant la
synthése de Tacide stéarigue 3 partir du citrate, :

MATERIEL ET METHODES

Préparation ot traitement des antimanx

Des souris reqoivent ad libitum des cubes “Nafag™ (aliment comprimé pour
souris) pendant les jours précédant Pexpérience. Un dernier repas constitué de 1 g
de nourriture succédant & un jedane de 3 I est ingéré 1 I avant Padministration des
précurseurs radivactifs, N

Expéricnces 1ot 2. Des souris regoivent per os 10 4C (Fxp. 2: 50 £C) de 1 1,5-14C, 1-
citrate (15.4 2C/muole) et 1o uC (Exp. 2: 50 4C) de [2-*H acétate (500 #C/mmuole) et
sont sacritides 30 min aprés. Les organes sont prélevés immédiatement et fixés au
moyen de potusse alcoolique afin d'en extraire les acides gras (Exp. 1) ou traités pour
en séparer d'ubord les dilférentes fractions cellulaires (Exp. 2).

Expéricnce 3. Des souris recoivent une injection de 100 4C de | 4-14Claspartate
(20 uC/mmole) et de 1o uC de '2-3H Jacétate (500 £C/mmole) et sont sacrifiées 12 min
aprés. Les acides gras de la carcasse de deux snmis sont extraits, 1solés par chroma-
tographie et la radioactivité des acides palmitique, stéarique et oléique est mesurde,

Expérience 4. Trois groupes de cing souris regoivent en injection intraveineuse
12 4C de [1,5-14C, jeitrate et 15 uC de {2-*H acétate et sont sacrifices 12, 30,00 ct 120
min aprés. Des fragments de tissus sont aussitot prélevés pour en déterminer Uactivité
brute. Le reste de I'animal st fixé par de lu potasse alcociique et les acides gras sont

extraits.

Préparation des fractions cellilaires du foic

Les foies (Exp. 2) sont refroidis dans la glace, pests puis homogénéisés entre
0% et 4° dans 10 vol. de saccharose 0.25 M au moyen d’un Potter muni d’un piston
en Teflon. Les fractions cellulaires sont sépardes selon i technique de Curist &t
HOLsMANNY. L'iomogénat est centrifugéd 2 Soo x ¢ pendant 3 min pour éliminer les
noyaux ct les débris cellulaires; le surnageant est centrifuge 2 4500 % ¢ pendant 10 min
pour en isoler les mitochondries; Ie surnageant de cette seconde centrifugation est

Biochim. Biophys. Acta, 2138 (1970) 11-17
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centrifugé pendant 30 min 4 100000 X g pour obtenir le surnageant proprement dit et
les microsomes. La puret des fractions a ¢té contrdlée au microscope ¢lectronique
griace & l'obligeance de I'institut d'Histologie et dI'Embryologie de I'Universite de
Genéve. Une partie aliquoir de chaque fraction, suspendue dans du saccharose 0.25 M,
est utilisée pour doser les protéines par la méthode du biuret?s. |
Saponification, extraction ct séparation des acides gras

Les différents tissus ot les fractions cellulaires du foie sont saponifiés au moyen
de KOH alcoolique, puis lew acides gras extraits 3 éther de pétrole, aprés élimination
de 'insaponifiable. Les estors méthyvliques sont préparés et extraits selon la méthnde
de LASKER BT THEILAKER' (IExps. T et 3). Les acides palmitique, stéarique et oldique
sont s¢parés par chromalographic en couche mince®® et par chromatographie gaz—
liquide préparative (colonne: apiezon L 157, sur Acropuk, longueur 10 pieds, diaadtre
3/8 pouce; température »00°; gaz vecteur: hélium; débit: 8o ml/min). Les esters
meéthyliques sont hydroly=s et les acides gras extraits pour éviter toute contamination
éventuclle par la phase stiionnaire. La radioactivité des acides gras est mesurde par
scintillation liquide (15 m! {'une solution contenant 5 g de diphényloxazole et 300 mg
de 1,4-bis-(3-phinyloxazolyl-z)benzéne par 1 de tolutne), Le “‘quenching’” est estimé
selon HExXDLER!™.

Détermination des activites brutes des tissus (Exp. 4)

50 & 100 myg de foie, de tissu adipeux ou de muscle (poids de tissu frais) sont
prélevés, pesés et placds dans un flacon contenant 1 mi de Solutne (Packard), puis
entreposés dans un bain-marie & 60° pendant environ 12 I, soit jusqu’a dissolution
compléte du tissu; 14 ml de mélange scintillant de composition analogue 4 celle
déerite pour les acides gras sont ajoutés & chaque flacon avant de déterminer la radio-
activité au moyen du scintilateur liquide.

RESULTATS

Expéricnce 1. Le citrate est peu incorpordé comparativement & 'acétate dans
les acides gras de la carcasse et du feie, micux dans ceux du rein et de 'intestin. Si
Pon considére les incorporntions totales, on constate que les acides gras de P'intestin
incorporent plus de citrate que ceux du toie. L'importance de ces deux organes s'in-
verse avec I'acétate qui dans le foie s’incorpore mieux que le citrate.

Le rapport *H/C de l'acide palmitique est environ 2 fois plus grand que celui
de I'acide stéarique dans I carcasse. Ce n'est pas le cas dans le {oie {Tableau 1) ol
c’est I'acide oléique qui présente le rapport 3H/9C e plus petit.

Expéricuce 2. 30 min aprés injection de 1 1,5-1C, citrate et de 2-2Hlacltate &
des animaux vivants, on retrouve dans les actdes gras du surnageant et des nicro-
somes hépatiques o maéme proportion des deux précurseurs. Dans les mitochondries
le Tz-3Hiacdtate est micux incorpord que e 1,5-"C, Icitrate (Tableaw 1),

Expéricnce 3. Comme on pouvait s'v attendre, le | 4-1%C aspartate s'incorpore
trés faiblement dans les acides gras par rapport au ' 2-911 acétate. Comparativement i
Pacétate, le [4-1'Claspartate participe plus intensément & la synthése de Facide stéa-
rique et a celle de Toldique qu'a eclic du palmitique. Pour une quantité identigue
des deux précurseurs radivactifs les rapports 3H/HC des trois acides gras sont 166 ot

Biochim. Biophys. Adta, 218 (1970) 11-17
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TABLEAU I
INCORPORATION DU [1,5-1C, CITRATE ET DU [2-3H]ACETAT) DANS LES ACIDES GRAS

Les souris regoivent 1o pC de vitrate et 10 uC dlacétate en injection intraveineuse ct sont exdeu-
téos 30 min plus tard. Les activitds sont exprimdées en désinl fmin par g d’acides gras {activitds
spécifiques) ou en 0, de la radioactivité des acides gras totaux retrouvds duns chaque organe, Les

dearts-types sont indiquds entre parenthises.
'-{ Rein S Intestin

Précurseur

2 Carcasse 5 Fole

{1,5-1C,jCitrate 25.9 (7.2) 41.7 (14.5) 38.8 (7.5) 373 (19
[2-*1{]JAcdtate 67.7 (12.5) 273.3 (28.5 130 (5.8) 343 (0€)
j1paC 2.6 {0.6) 6.5 (0.0) 1.15 (0.08) 0.9 (0.0y)
{1,5-4C, Citrate 54-2"% 16.4% 1.2% 28.29,
[2-3H jAcétate 03.9%, 27.3% 0.6%, 8.29%
3H AC acide palmitique 3.4 {0.45) 0.4 {0.81)

acide stéarique 1.7 (0.27) 7.4 (1.10)

acide oldique 3.5 (0.25) 4.3 (0.27)

TABLEAU 1l

INCORPORATION DU [1,5-MC,]CITRATE ET DU {2-*HJACETATE DANS LES FRACTIONS CELLULAIRES DU
FOIE DE SOUKRIS

Les animaux regoivent en injection intraveineuse 50 pC e [1,5-1C, citrate et 50 uC de [2-°H]-
acétate et sont sacrifics apres 3o min. La radioactivité -les acides gras retrouveés dans les trois
fractions (surnageant, Microsomes, mituchondrivs) est considérdée comme ¢gale 4 roo.

T T Sowris Noo 1 3 4 M
Surnageant 13 23.4 21.3 21.3 31.5

3l 18.7 22.4 17.7 31.2

SH MO o080 1.05 0.83 0.99 0.92
Microsomes  BC 65.3 60.7 41.7 5.4.8

4H 09.4 59.7 44-5 54.0

3H{jMC 1.06 0.93 1.06 0.99 1.02
Mitochondries 3¢ 11.3 18.0 37.0 13.7 ’

3H 11.9 17.9 37.8 14.8

IHMC 1.05 1.0 1.02 109 1.0t

144 pour l'acide palmitique, 83 et 63 pour lacide stéarique, 50 et 23 pour l'acide
oléique.

Expérience 3. Les rapports *H1C des activités brutes du foie, du tissu adipeux
et du muscle observés 12, 30 et 60 min aprés arlministration de [2-*HJacétate et de
[1,5-14C, citrate croissent tous significativement en fonction du temps (Tableau 111I).

TABLEAU 111

ACTIVITE SPECIFIQUE TOTALE DU FOIE, DU TISSU ADIPFUX ET DU MUSCLE APRES INJECTION INTRA-
VEINEUSE DE [2-3H JACETATE ET DI [1,5-13C,[CITRATL

Les activités sont donndes en désint./min par mg de tissu. Les significations (test de Student) sont
indiquées par rapport aux résultats obtenus apreés 12 nin. Les rapports *H [C sont les moycnnes
des 3H/BC individuels,

Temps I-]m:az_ Tissuw adipeux Muscle

(min)  BC ] s weT sHD T TIHMCT sC “H SH NG

12 707 1430 2.0 154 172 1.0 370 1187 3.1

30 413 QYo 2.3 86 105 1.2 203 945 3.9

6o 270 9iv 3.4 3t 112 3.6 183 11061 5.7
<0.001  <0.01 <0.001

1 < 0.01

< 0.05

Biochim. Bivphys. Acta, 218 (1970) 11-17
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DISCUSSION

Un premier fait mérite particuliérement d'¢tre pris en considération: le citrate

est beaucoup plus faiblemirnt incorporé que Nacétate dans les acides gras du foie et
de la carcasse. En effet, les rapports 3H 4C des acides gras des organes ol s'cffectue
le plus aisément la lipogenrse, ¢'est-d-dire le foie ¢t le tissu adipeux, sont voisins de
3.8. En tenant compte du fait que le [2-°Hjacétate est environ § fois moins incorporé

3

que le [2-1Clacétate dans les acides gras aussi bien oz vivo®™ qu'in vitro®!, I'incorpo-

ration du citrate dans les acides gras serait done environ 20 fois plus faible que celle’

que l'on aurait obtenue en utilisant du f2-11C 'acétate. Toutefois, puisque scule la
radioactivité du C-1 du citrate peut se retrouver dans les acides gras**, cette propor-
tion serait ramende {4 10. .

Avant de conclure que le citrate est réellement un mauvais précurseur des
acides gras, il importe de savoir si sa faible incorporation tient au fait que le citrate
exogine est l'objet d'une importante dilution par le citrate endogene, ou qu'il ne
peut diffuser facilement 3 travers la membrune plasmatique, ou encore qu’il est
atilisé A d’autres fins. Noius allons maintenant considérer ces divers points.

(1) En raison des difficultés rencontrées par le citrate pour pénétrer dans les
mitochondries, il est fort probable que le citrate radiouctif exogcéne, libérera lentement
son acétyl-CoA dans le cytoplasme ol se trouve précisément 'enzyme catalysant son
clivager®2.248, C'est ce que permet d'affirmer le comportement presque identique du
citrate et de Vacétate dans la synthése des acides gras du surnageant, des microsomes
et des mitochondrics.

Le [2-3Hjacétate sera sans doute activé directement duns le cytoplasme?s,
cest-a-dire sans passage préalable par les mitochondries. Ainsi, la dilution exercée
par le citrate endogéne devrait s'eficctuer de la méme fagon sur les deux précurseurs
étudids.

(2) Une trop lente pendtration du citrate dans les celtules ne sufhit pas non plus
a expliquer sa mauavaise incorporition. La mesure des radioactivités brutes en fonc-
tion du temps (Tableau 111) montre quiapres 12 min, le citrate a pénétré aussi bien
(que I'acétate duns le tissi adipeux, et dans le foie sculement 2 fois moins bien. La
différence est plus impuortante pour le muscle, mais ce tissu ne participe gucre a la
synthése des acides gras. Le rapport A} /14C s'¢éleve ensuite dans les trois tissus en
méne temps que diminuent toutes les activités brutes. Ceci indique que la pénétiation
est en grande partie terminde et que le HC du citrate subit une combustion plus rapide
que 1*H de V'acétate, surtout dans le muscle et dans le foie. La majeure partie du ci-
trate qui a tout d'abord péndétré dans le tissu adipeux ne brile probablement pas
dans ce tissu.

(3) La faible incorporation du citrate pourrait ¢galement s'expliquer a pre-
miére vue de la maniére suivante: le citrate, apres avoir pénétré dans le cytoplasme,
échapperait & action de i'enzyme clivant et serait ainsi perdu pour la synthise des
acides gras. En effet, les premic¢res ¢tapes du cycle tricarboxvlique, qui permettent
de transformer le citrate on z-cCtoglutarate, peuvent se dérouler dans le cyvtoplasme
(refs. 26, 27). L'interprétation des résultits ne s'en trouverait cependant pas modifide
car si cette voice était compétitive, cela signifierait encore que 'enzyme clivant le
citrate est peu actif. Cette hypothése ne s'accorderait pas dailleurs avec laccroisse-
ment, en fonction du temps, de la radioactivité des acides gras obscrve aprés admini-

Biochim. Biophys. Adcta, 218 (1970) 11-17
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stration de citrate (résultats non publiés). Cette dernicre observation signific donc
que puisque le citrate est restd présent dans la cellule, activité de P'enzyme clivant
ost trés faible i rive, comme cola a déjil ¢té suggérd pir FOSTER ET SRERE!L

Si nous comparons maintenant incorporation du citrate & cclle de l'acétate
dans les différents acides gras, nous voyons que dans i carcasse de Panimal vivant,
Je citrate est utilisé de preférence i acétate pour la synthese de I'acide stéarique. Or
en présence de surnageant de foie de pigeon, le citrate participe avant tout 4 la syn-
thése de Iacide palmitique?. Ces-différences nous ont incités & penser que ce n'est pas
la partie du citrate qui donne naissance i I'acétyl-CoA qui est mieux incorporde dans
I'acide stéarique, nuas plus vraisemblablement celle qui correspond a Poxaloacttate.
On a en effet de Lu peine i admettre que les déux acétates, celui administré comme tel
et celui provenant du citrate, se comportent différenmnent. Pour vérifier cette hypo-
citrate produit

these, nous avons injectd du (4-1Craspartate qui, conme le {1,5-1C
de Poxaloacétate marqué en position 4. L'oxaloacdtaie pourrait participer & la syn-
these des acides gras en empruntant la voie déerite par KALLEN ET LOWENSTEIN®?
(Fig. 4), et sclon laquelle Poxaloacétate peut, par une décarboxylation oxyditive, se
transfornier directement en malonvl-CoA. Nous n'avens trouvd quuie faible incor-
poration de uspartate dans les acides gras. Ce fait n'a rien d’¢tonnant, puisque cette
voie ne peut ftre quaccessoire, ce précursenr ayant d autres destinées, notamment la
synthése des protéines. D'autre part la voie propo-ce exige une désacylation puis
une réacylation symétrique, réactions vraisemblablement trés pea importantes. I
ressort cependant de ces résultats que dans la carcasse, la synthése de Pacide stéa-
rigue est favorisée & partir d'aspmrtate comme elle T'est 4 partir du citrate, Cela lais-
serait sous-cntendre que la voic directe oxalvacdétatr — malonyl-CoA fournit préfe-
rentiellement le malonyl-CoA néeessaire 4 V'élongation microsomale.

RESUMLE

Des souris recoivent du {1,5-14C, citrate, du [2-*H]acétate ou encore du [4-1C-
aspartate, soit en injections intraveineuses, soit par intubation. La radioactivité des
acides gras du foie, de fa carcasse, de I'intestin ¢t du rein est mesurée, ainsi que celle
des acides gras des ditférentes fractions cellutuires du foie. L'activité spécifique totale
du foie, du tissu adipeux et du muscle est également mesurce au cours du temps. Le
[1,5-1C,]citrate est peu incorporé, comparativemeit A Tacétate dans les acides gras
de la carcasse et du foie. Dans la carcasse, le citrate st utilis¢ de préiérence a l'acétate
pour la synthese de Pacide stéarique; il se produit le méme phénoméne & partir du
{4-4C aspartate. Le 11,5 0C, Jeitrate ct le [2-3H Jacttate participent dans les mémes
proportions & la synthése des acides gras dans I surnageant et les microsomes;
I'incorporation de acétate est favorisée dans les mnitochondries. Les rapports *H 14C
des activites brutes du foie, du tissu adipeux et du muscle observés aprés administra-
tion de  2-3 Jacdtate et de 1,5-'1C, Jeitrate croissent tous en fonction du temps. Le
role du citrate comme précurseur dans la synthese des acides gras est discuté sur la
base de ces résultats.

Ce travail a ¢té exdcutée grice a une subvention du Fonds Nationale Suisse
de la Recherche Scientifique.
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Effect of Anticoagulant and ABO Incompatibility
on Recovery of Transfused Human Platelets

By RicHarp H. AsTer

LATELET-RICH PLASMA and platelet concentrates are frequently .

fective in the treatment of hemorrhage sccondary to thrombocytopenia -
The recovery of transfused platelets in the recipients is often low, however, ] ..
average ranging from 20-33 per cent in several series.?5.6

Previous work in this laboratory has shown that a citrate anticoagulant wh;. ;,
buffers platelet-rich plasma ( PRP) at pH 6.5 improves the viability of conc
trated platelets by facilitating their resuspension without clumping.” The sa; .
study suggested that EDTA, a substance commonly used for platelet tra; ..
fusions, was toxic for thesc cells. This work implied that acid citrate was |
superior anticoagulant for platelet transfusion therapy, but special manipul,,.
tions were required to label the platelets with Cr*1, In the present study, t,.
effects of different anticoagulant solutions on platelet Viability were investj.
gated, utilizing technics comparable to those employed under clinical cond;.
tions.

Although A and B blood group antigens have been shown to exist on the
platelet membrane,* 19 their importance for platelct transfusion therapy has not
been clarified. It has been suggeSted that the recovery of group A or B platelets
transfused to group O recipients is equal to that of group O donors.® Other
workers found a “slight, but consistently lower” recovery of “incompatible”
platelets.’t In part, difﬁculty in assessing the role of ABO antigens in platelet
transfusions may have arisen from the relatively low maximum platelet re.
covery achieved in most studies. The availability of a Cr“—labeling technic
that gives a high recovery of platelets’ permits differences in the recovery of
incompatible platelets to be more readily apparent. The use of normal subjects
as platelet recipients eliminated variables such as hemorrhage and isoim.
munization which might obscure the effect of ABO incompatibilty in ill,
thrombocytopenic subjects.

MATERIALS AND METHODS

Platelets were labeled with Cr51 and their recovery in recipients was calculated as
described previously, with the following exceptions:
I. In most studies the anticoagulant mixture was prepared hy adding 0.15 molar citric

From the Thorndike Memorial Laboratory and Second and Fourth {Harvard) Medical
Services, Boston City Hospital, and the Department  of Medicine, Harvard Medical
School, Boston, Mass.

This work was supported by rescarch grants HE-07652-01 and T1-AM-5391-01 from
the National Institutes of Health, Bethesda, Md.
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ANTICOAGULANT EFFECT AND ABO INCOMPATIBILITY 733

acid directly to the collecting bag containing ACD formula A, rather than preparing fresh
anticoagulant on each occasion. The amount of citric acid which produced the required
pH of 6.5 when 500 ml. of whole blood was added to the anticoagulant mixture varied
with the hematocrit of the donor due to the high buffering effect of red blood cells
(RBC). The volume of citric acid required is given as a function of the donor hematocrit
in figure 1. Citric acid was autoclaved and stored at 5 C. for up to 6 months. The
average recovery and range of recoveries of autologous platelets in vivo was the same
as when freshly prepared anticoagulant was used.

2. During the labeling procedure, platelets were centrifuged at 14 C. rather than at
room temperature,

3. After incubation of platelets with Cr51, centrifugation and removal of the supernatant
plasma containing excess Cr31, the platelet button was gently covered with 5-10 ml. of
platelet-poor plasma (PPP). This plasma in turm was poured off in order to remove
remaining Cr5! not attached to cells. Platelets were then resuspended in PPP and injected.
On the average, 95 per cent of injected Cr3! was attached to platelets.

4. High specific activity of platelets used for serial-transfusion experiments (see
“Results”) was achieved by incubating the concentrated platelets from 300 ml. of blood
in a small (10-15 ml.) volume of plasma and adding 1 millicurie of Cr3! rather than
the usual 300 microcuries. The Cr31, which is suspended in distilled water in the com-
mercial preparation, was made isotonic by the addition of sterile 3 per cent sodium
chloride before adding to platelets. In this way 50-100 microcuries of Cr5! could be
incorporated into transfused platelets.

Recoveries of transfused platelets were based on the average of at least 2 determina-
tions done 1-4 hours after transfusion except with “EDTA platelets,” where the maximum
value was used. This maximum sometimes occurred 24 hours after injection.

In some studies of the effect of ABO-incompatibility on platelet recovery. labeled
Platelets were divided into 4-6 aliquots which were given to an equal number of recipi-
ents. In this way the recovery of the same labeled platelet preparation could be compared
in both ABO-compatible and ABO-incompatible recipients, When aliquots of the same
platelet preparation were given to different ABO-compatible recipients, the range of
recoveries was the same as for autologous platelets.

Body surface scanning was performed as previously described.”.'2 Units of surface
radioactivity (fig. 4) were standardized by dividing the number of counts per minute
observed at the surface by 10 times the number of microcuries of Cril injected.

Ioagglutinin titers were determined by incubating 1 drop of 2 per cent washed RBC'’s
with 3 drops of serially diluted serum for 30 minutes at room temperature. Agglutination
War read after centrifugation for 20 scconds in a serologic centrifuge.

Stbjects studied were normal valunteers or volunteer convalescent patients on the
e cal wards who did not have hematologic disease or diseases of the liver or spleen.
T“'!ll’}'-four of the 41 platelet recipients had not been transfused previously. The re-
" der had not received more than two transfusions each, and none had received blood
d g the previous two months. There was no difference in the transfusion history of
sub oty receiving ABO-incompatible platelets in comparison with those receiving com-
Pit-le platelets.

ResuLts

Effert of Anticoagulant on Recovery of Transfused Platelets

Autologous platelets labeled with 50-100 rc. of Cr™! in the acid citrate anti-
Coavulant were reinfused into the same normal donors. One day later, when 50

*Concentration of citrate or dextrose does not appear to be crucial for satisfactory
Tesults, but a pH of 6.5 is necessary before centrifugation of platelet-rich plasma. This
n be achieved in a number of ways, including addition of acid to PRP after separation
% red blood cells.
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Fig. l.-Relationship between donor hematocrit and ml. of 0.15 M citric acig
added to 75 ml. NIH formula A" ACD solution which produced pH about 6.5 in
platelet-rich plasma. Values are for 500 m]. of donor blood.

to 63 per cent of the transfused platelets were still circulating (initial recgy.
eries runged from 55 to 70 per cent), 500 ml. of whole blood was obtained us.
ing the following anticoagulants:
a. 50 ml, 15 per cent EDTA in 9 per cent dextrose, final pH of platelet-rich
plasma (PRP) 7.3 (3 subjects). .

b. 95 ml, 0.15 M trisodium citrate in 2 per cent dextrose, final pH of PRp
7.4 (1 subject). '

¢. 75 ml, NIH formula A ACD plus 22 ml, 0.15 M citric acid, final pPH of
PRP 6.5 (1 subject). :

Using procedures normally employed in platelet transfusion therapy, the
whole blood was centrifuged at 1300 r.p.m. for 15 minutes and the PRP was
transferred to a separate pack. An aliquot was removed for determination of
Crat activity and the remaining PRP, containing 2-5 uc of Cr®, was transfused
to a normal ABO-compatible recipient. Total time between phlebotomy and
infusion of PRP was one hour. Platelet recoveries and survival curves are
shown in figure 2. With EDTA, most platclets were transiently sequestered
after transfusion, and maximum recovery was 34 per cent. With either acid
or neutral citrate there was no temporary sequestration, and 70 and 75 per
cent of transfused platelets remained in the general circulation in the respec-
tive studies. There was no significant difference in platelet recoveries at 1 hour
as opposed to 4 hours. These recoveries calculated from the platelet Crot ac.
tivity in venous blood probably represent true recoveries of 90-100 per cent
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Fig. 2.—Effect of anticoagulant on recovery and survival of Cril-]abeled plate-
lets transfused as platelet-rich plasma without concentration. The pH is that of
the platelet-rich plasma after separation from RBC.

of the transfused cells, for 20-30 per cent of platelets appear normally to
thter a splenic platelet pool.™* In all subjects platelet disappearance was ap-
[ ximately rectilinear with time over the next 7 to 8 days.

I :cct of ABO Incompatibility on Platelet Recotery

‘ecoveries of platelets given to ABO-compatible versus incompatible recipi-
' § are given in figure 3. In compatible recipients recoveries were about the

1e as those observed with autologous platelets (average 63 per cent). When
I itelets from group A, donors were gi\'en to group O rccipients, the average
" vovery was much lower (19 per cent). When group B platelets were given to
"' ompatible recipients, the average recovery was 37 per cent. When group
AN platelets were given to two group O recipients. the average recovery was
v 8 per cent. In two subjects, a second transfusion of group A, incompatible
e 'ls given one week and four weeks later, respectively, resulted in the same
low recovery as did the first transfusions. Thus, there was no evidence that
“tolerance” following the first antigenic cxposure improved the recovery of
sul):;equently injected incompatible platelets.

The removal of a large fraction of ABO-incompatible platelets from the
drculation occurred within the first 10 minutes after transfusion, too rapidly
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Fig. 3.—Effect of donor ABO group on recovery of transfused Cr5l.]abeled
platelets,

to be accounted for by purely splenic sequestration.!* There was no corre.
sponding increase in plasma radioactivity to suggest that elution of the Crit
label might have occurred rather than actual destruction of the platelets them.
selves. Body surface scanning in three patients showed an increase in hepatic
surface radioactivity after the infusion of A, incompatible platelets which was
greater than that observed in any patient after the infusion of ABO-com-
patible cells (fig. 4). No significant increase was observed over the lungs. With
the scanning device used in these studies, a given increase in surface counts
per minute (cpm) over the liver represents 3—4 times as much Cré! deposited
in the organ as does the same increase in surface c¢pm over the normal-sized
spleen.” The increases in hepatic radioactivity after transfusion of ABO-incom-
patible platelets suggest that most of the platelets were removed from the
circulation in the liver. The reduced surface radioactivity over the spleens of
these subjects presumably was due to the smaller amount of platelet Cr*
remaining in the general circulation and contributing to the splenic platelet
reservoir.'3

After the initial rapid destruction of a fraction of the ABO-incompatible
cells, the remaining platclets usually disappeared from the circulation normal-
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Fig. 4.—Organ surface radioactivity after transfusion=~of ABO-compatible and
incompatible platelets. Units on the ordinate are adjusted so that values are in-
dependent of the dose of radioactivity administered.

Iv over the next 8 days (fig. 5). In two instances, slightly shortened survival
times were presumed due to previous isoimmunization,

The higher recoveries observed after transfusion of group B incompatible
platelets suggested that the level of isoagglutinins might be a factor determin-
i1 platelet recovery, since anti-B isoagglutinins are usually of lower titer
tl.n anti-A isoagglutinins. Figure 6 shows that a rough correlation of this sort
J 1, in fact, exist. In general, recoveries were low in recipients with high
! crs of anti-A or anti-B. Conversely, relatively high recoveries were found in
! vipients with low isoagglutinin titers. When group A,B platelets were trans-
lused to group O recipients, the anti-A and anti-B isoagglutinins appeared to
‘-t additively in destroying transfused platelets. No relationship could be
¢-*ablished between isohemolysin activity and recovery of incompatible plate-
lts,

The normal survival manifested by platelets which survived the period im-
niediately after transfusion suggested that some transient reaction between the
infused cells and the recipient’s plasma at or near the site of injection might be
Tesponsible for the destruction of a portion of the transfused cells. For example,
the small number of RBC present in the platelet concentrate would be expected
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Fig. 5.—Survival of group A, platelets in group O recipients. (Dashed lines)
Initial recoveries are low, but platelets remaining in the circulation disappeared at
the normal rate in most subjects.

to react immediately with isoantibody after entering the recipient’s circulation,
and might cause platelets to become involved in mixed cell aggregates or might
activate plasma factors deleterious to platelets. Several experiments were per-
formed to study these possibilities. In one group O normal subject, autologous
platelets were labeled with Cr®l. 0.25 ml. of washed red cells from a group A,
donor was then added to the suspension of labeled platelets before they were
reinfused into the original donor. Platelet recovery (58 per cent) and survival
was identical to that seen in the same subject without added RBC. In another
group O subject, the same experiment was performed except that purified A
substance,® derived from hog stomach and equivalent to approximately 4 ml.
of packed group A, RBC in antigen content (as determined by in vitro neu-
tralization of unti-A ), was substituted for the group A; red cells. Again, no de-
crease in recovery was observed. On two other occasions, A substance equiva-
lent to 10 ml. of packed RBC was infused to group O recipients whose platelets
had been labeled one day previously with Cr!, and reinfuscd. In these sub-

°Obtained from Michael Reese Research Foundation. Chicago, 1llinois.
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Fig. 6.—Relationship between recovery of ABO-incompatible platelets and
homologous isoagglutinin titers.

jects, both circulating Cr®! activity and total circulating platelets were reduced
by about 25 per cent of the preinjection levels. Simultaneously there was a
small but significant rise in hepatic surface radioactivity, but no change over
th spleen. The survival time of the remaining labeled platelets was not
sb rtened.

DiscussioN

-ince the studics of Dillard and coworkers in dogs and guinea pigs,' EDTA
L. been used frequently as an anticoagulant for platelet transfusions. It
is . Tear that this agent is satisfactory for the preparation of platelets from most
wimal species. Early workers suggested that EDTA might be the anticoagulant
of choice for platelet transfusions in man, reporting platelet recoveries of 65
D¢ cent? and 75 per cent® with transfused PRP, and 23 per cent® and 52 per
tent? with concentrates.

The present data indicating that EDTA reduces platelet recovery in man
were obtained by using a Cr™ label. Tt has been shown, however, that the
Crt technic does measure the true recovery of transfused human platelets,”
and the results obtained are in very close agreement with those of Kissmeyer-
Nielsen and Madsen,'® who used an in vivo phosphate label. The latter workers
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found that platelet recovery after 3 transfusions of EDTA whole blood was
30 per cent, about one-half the recovery obtained when blood was anticoagu.
lated with ACD. Recently, Freireich and coworkers have confirmed by direct
platelet counts after transfusion of concentrates, that EDTA reduces the
viability of transfused platelets to about one-half that achieved with citrat-
at pH 6.5.1¢ ‘

Figure 2 shows clearly that EDTA does reduce the viable fraction of tran

fused platelets to about half that obtained with citrate anticoagulants. Boi’
neutral citrate and acid citrate gave comparable recoveries. Thus, the reduc:
recoveries with EDTA result from a direct toxic eflect of this substance, rath. -
than from the effect of handling platelets at a neutral rather than an acid pl-.
The number of observations are few, but the differences observed are so stri;

ing and so clearly consistent with previous work™% that it was felt that furth, .
experiments were not justified in view of the risks inherent in cross-transfusi .,
studies. It is also apparent that EDTA is chiefly responsible for the tempora,
sequestration of platelets during the first few hours after transfusion, a phenor.
enon that has been assumed to be an inevitable consequence of handling plat.-
lets in vitro, and which is due to trapping of these cells in the liver."17 Thus,
during the first few hours after transfusion to a thrombocytopenic recipient,
circulating levels of platelets prepared in citrate may be expected to be 5-1¢
times greater than when platelets are prepared in EDTA. Figure 2 shows that
if platelets are not concentrated, the pH of the citrate anticoagulant is of little
consequence. If concentration 4s required, however, it is impossible to resus-
pend platelets in citrate at pH 7.4 because of adhesion between cells. With the
usual ACD solution, which buffers platelet-rich plasma at about pH 7.1, sus-
pension is easier, but aggregation, at lcast on a microscopic scale, remains a
problem and reduces recoveries. At pH 6.5, concentrated platelets can be re-
suspended readily without detectable clumping.” Recoveries of such platelets,
even after two centrifugations and resuspensions, ranged from 50-80 per cent
(fig. 3). _

Preliminary studies strongly suggest that the ease with which concentrated
platelets can be resuspended at pH 6.5 is due to interference with the action of
adenosine-diphosphate (ADP), which is known to increase platelet adhesive-
ness at very low concentrations,’® and which is probably present in shed blood
as a result of cell injury. At pH 6.5, the amount of ADP required to cause
platelet aggregation in platelet-rich plasma is about 100 times that required
at pH 7.4.7°

The mechanism by which EDTA reduces viability of human platelets re-
mains unclear. It is known that platelets rapidly assume a spherical configura-
tion in EDTA® suggesting that this substance may interfere with ion and
water transport across the cell membrane. Ironically, this very effect which
smoothes the platelet’s shape may have stimulated the use of EDTA as an
anticoagulant for transfusion purposes.

The Effect of ABO Incompatibility on Platelet Recovery

It is known that ABO incompatible platelets which remain in the circulation
after transfusion survive normally.1121 The effect of incompatibility on platelet
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recovery has not been extensively studied, although Baldini, Costea, and Ebbe
noted “slight, but consistently lower recoveries” of ABO-incompatible platelets
in an undisclosed number of subjects.’* Freireich et al. found no effect of ABO
groups on platelet recoveries in one patient under treatment for leukemia.’
Figure 3 indicates that incompatibility with respect to the ABO antigen system
is capable of reducing the recovery of transfused platelets. This is particularly
true when platelets from group A, or group A;B donors are given to incom-
patible recipients. When platelet preparations were subdivided and given to
several recipients, the dose of platelets was less than that which would be ad-
ministered in the treatment of thrombocytopenia. However, on six occasions
when an entire unit of platelets (5 x 10! — 8 X 10" platelets) was transfused
to a single recipient, the same low recoveries of incompatible cells were ob-
served as when smaller numbers of platelets were used. Thus, the recoveries
in figure 3 do not appear related to platelet dose. Figure 6 indicates that the
recovery of incompatible platelets is inversely related to the corresponding
isoagglutinin titer. It is apparent that this relationship is not a linear one.

The mechanism by which a fraction of ABO-incompatible platelets are de-
stroyed is not yet clear. The normal survival of cells that escape destruction
during the first minutes after transfusion suggests two possible explanations:
(1) “A” substance may elute from a portion of the cells after transfusion or may
be distributed nonhomogeneously on the platelets themselves. (2) Platelets
may be secondarily injured following the reaction between red blood cells or
“A substance” present in the transfusion mixture and isoantibody in the recipi-
ents’ plasma. The first alternative seems unlikely since “A substance” is very
stable on platelets in vitro,’® and, if the label were unevenly distributed
among cells, it would be surprising to find a relationship between antibody
titer and platelet recovery. The second alternative gains support from the fact
that platelets may be injured by the presence of unrelated antigen-antibody
complexes in their vicinity.?22% The present studies do not reveal the mech-
anism by which the recovery of ABO-incompatible platelets is curtailed. It is
of interest, however, that infusion of “A” substance to group O recipients does
produce hepatic sequestration of platelets and that a fraction of ABO-incom-
patible platelets also were destroyed in the liver after infusion (fig. 4). It may
"'e that failure of “A” substance or group A; RBC added to group O platelets
1y affect recovery of such platelets relates to the fact that a limited range of
mtigen-antibody ratios produces a secondary type of platelet damage.***

{mplications for Platelct Transfusion Therapy

The present study indicates that for maximum effectiveness, ABO-compatible
platelets prepared in a citrate anticoagulant should be used in the treatment of
thrombocytopenia. 1f platelet-rich plasma is transfused, the composition of the
citrate medium appears unimportant. If platelets are to be concentrated, the
the addition of sufficient citric acid to reduce the pH of platelet-rich plasma to
about 6.5 will facilitate platelet resuspension and improve platelet recoveries.

It must be kept in mind that in thrombocytopenic patients, recoveries of
transfused platclets may be reduced by other factors such as isoimmunization,
hemorrhage, or the patient’s disease process itself.®
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SuMMaRY

The effects of anticoagulant solutions on the recovery of transfused platelet
were studied. Citrate anticoagulants at pHl 7.4 or pH 6.5 were found to b
equally effective in preserving the viability of platelets when centrifugation
of the cells was not required. When centrifugation is required, as in mox|
platelet survival studies, citrate at pH 6.5 gives maximum recoveries. Ethylen.
diamine tetraacetatc (EDTA) caused temporary sequestration of nearly ..,
transfused platelets and reduced maximum recoveries by about 50 per cer

Platelet recovery was lowered by ABO-incompatibility between donor plat.
lets and recipient scrum, but survival time of remaining platelets was n, -
altered. Lowest platelet recoveries resulted when group A, or A;B platelc
were given to group O recipicnts with high isoagglutinin titers.

It is suggested that ABO-compatible platelets prepared in citrate should | -
used where possible in the treatment of thromboctyopenic disorders.

SUMMARIO IN INTERLINGUA

Esseva studiate le effectos de solutiones anticoagulante super le restabi,.
mento de transfusionate plachettas. Esseva constatate que anticoagulantes
citratic a pH 7.4 o pH 6.5 esseva equalmente efficace in preservar le viabilitate
de plachettas quando centrifugation del cellulas non esseva requirite. Quando
centrifugation es requirite—como es le caso in le majoritate del studios de
superviventia plachettal—citrato a pH 6.5 resulta in un restablimento maximal,
Tetra-acetato ethyleno-diaminic- (EDTA ) causava un sequestration temporari
de quasi omne le transfusionate plachettas e reduceva le maximo de restabl;-
mento per circa 50 pro cento.

Le restablimento plachettal esseva reducite per incompatibilitate typo ABO
inter le plachettas del donator e le sero del recipiente, sed le tempore del
superviventia del remanente plachettas non esseva alterate. Le plus basse
mesura de restablimento plachettal esseva observate quando plachettas de
gruppo A, o A; B esseva donate a recipientes de gruppo O con alte titros
isoagglutininic.

Es recommendate que plachettas a compatibilitate in ABO preparate in
citrato debe esser usate in tanto que possibile in le tractamento de disordines

thrombocytopenic.

ACKNOWLEDGMENTS

It is a pleasure to acknowledge the technical assistance of Miss Nancy Mann, Mrs. Una
Tuck and Miss Hollister Nush.

REFERENCES
1. Dillard, G. H. L., Brecher, C., and 3. Stefanini, M.: Management of throm-
Cronkite, E. P.: Separation, concen- bocytopenic states. Arch. Int. Med.
tration, and transfusion of platelets. 95:543, 1955.
Proc. Soc. Exp. Biol. Med. 78:796, 4. Cronkite, E. P.,, and Jackson, D, P.:
1951, Use of platelet transfusions in he-
2. Gardner, F. H, Howel, D. and morrhagic disease. Progr. Hemat. 2:
Hirsch, E. O.: Plat.let transfusions 239, 1959,
utilizing plastic equipment. J. Lah 3. Dijerassi, 1., Farber, S, and Evans,

Clin. Med. 43:196, 1954. A. E.: Transfusions of fresh platelet

0110




ANTICOAGULANT EFFECT AND ABO INCOMPATIBILITY 743

10.

11.

16,

concentrates to patients with second-
ary thrombocytopenia. New Eng. J.
Med. 268:221, 1963.

. Freireich, E. J., Kliman, A., Gaydos,

L. A, Mantel, N., and Frei, E., III.:
Response to repeated platelet trans-
fusion from the sune donor. Ann. Int.
Med. 59:277, 1963.

. Aster, R. H.. and Jandl. J. H.: Platelet

sequestration in man. I. Methods. J.
Clin. Invest, 43:843, 1964.

. Gurevitch, J.. and Nelken, D.: ABO

groups in blood platelets. J. Lab.
Clin. Med. 44:562, 1954.

. Coombs, R. R. A., and Bedford, D.:

The A and B antigens on human
platelets demonstrated by means of
mixed erythrocyte platelet agglutina-
tion. Vox Sang. 5:111, 1955.

Lewis, J. H., Draude, J., and Kuhns,
W. J.: Coating of “O” platelets with
A and B group substances. Vox Sang.
5:434, 1960,

Baldini, M., Costea, N., and Ebbe, S.:
Studies on the antigenic structure of
blood platelets, Proc. Eighth Cong.
Europ. Soc. Haemat. 1961. Basel,
S. Karger, 1962, p. 378.

. Jandl, J. H.,, Greenberg. M. S., Yone-

moto, R. H., and Custle, W, B.:
Clinical determination of the sites
of red cell sequestration in hemolytic
anemias. J. Clin. Invest. 35:842,
1956.

- Aster, R. H.: Studies on the patho-

physiology of thrombocytopenic dis-
orders using external scintillation
scanning. Abstracts of the Xth Con-
gress of the International Society of
Hematology, Stockholm. Lyunglofs
Litografiska AB, 1964, p. N:7.
Hughes Jones, N. C., Mollison, P. L.,
and Veall, N.: Removal of incom-
patible red cells by the spleen. Brit.
J. Haemat. 3:125, 1957.
Kissmeycr-Nielsen, F., and Madsen,
C. B.. Platelets in blood stored in
untreated and siliconed glass bottles
and plastic bags. II: Survival studies.
J. Clin. Path. 14:630, 1961.
Freireich, E. }.: Presented to the Coun-

17.

18.

19.
20.

21.

22,

23.

)
Ut

ference on Platelet Transfusions,
sponsored by the National Cancer
Institute, National Academy of Sci-
ences, February 15, 1964, Washing-
ton, D. C. To be published in Trans-
fusion,

Davey, M. G., and Lander; H.: The
behaviour of infused human plate-
lets during the first twenty-four
hours after infusion. Brit. J. Haemat,
10:94, 1964.

-Gaarder, A., Jonsen, J. Laland, §.,

Hellem, A., and Owren, P. A.: Aden-
osinc diphosphate in red cells as a
factor in the adhesiveness of human
blood platelets. Nature 192:531, 1961,

Aster, R. H.: Unpublished observations.

Zucker, M. B, and Borrelli, J.: Re-
versible alterations in platelet mor-
phology produced by anticoagulants
and by cold. Blood 9:602, 1954.

Aas, K., and Gardner, F. H.: Survival
of blood platelets labeled with chro-
mium. J. Clin. Invest. 37:1257, 1958.

Kopeloff, N., and Kopeloff, L. M.
Blood platelets in anaphylaxis. J.
Immunol. 40:471, 1941.

Humphrey, J. H,, and Jaques, R.: The
release of histamine and S5-hydroxy-
tryptamine (serotonin) from platelets
by antigen-antibody reactions (in
vitro)}. J. Physiol. 128:9, 1955,

. Swisher, §. N.: Nonspecific adherence

of platelets and leukocyvtes to anti-
body-sensitized red cells: A mecha-
nisin producing thrombocytopenia and
leukopenia during incompatible trans-
fusions {abstract). J. Clin. Invest.
35:738. 1956.

. Barbaro, J. F.: The release of histamine

from rabbit platelets by means of
antigen-antibody precipitates. I The
participation of the immune complex
in histamine release. J. Immunol.
86:369, 1961.

i. Siquerira, M. and Nelson, R. A, Jr.:

Platelet  agglutination by  immune
complexes and its possible role in
hypersensitivity. J. Immunol, 86:516,

1961.

0110




0134

/é//ﬂeom‘ Aty 1920 25(7) 2534

“rom the Children’s Hospital of the “‘Seguridad Social”
Director: Dr. A. Ballabriga, Barcelona, Spain

Metabolic response of prematures to milk formulas with
different lactic acid isomers or citric acid
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When, some years ago, GoLnMAN et al. [1] described metabolic acidosis
in prematures receiving a milk acidified by lactic acid, it was hypothetically
supposed that the acidosis could be due to the fact that the n(—) isomer is
not metabolised.

Various clinical and biochemical studies carried out on commercial milks
acidified by lactic acid (OrTERINGER [2], HuNGERLAND [3], VESTERDAL [4],
Barrasrica [5-6]) showed that such milks did not cause clinically discern-
ible acidosis and that the acid-base balance values remained within normal
limits. Cevint [7] encountered metabolic acidosis using racemic lactie acid.

The aim of this study is to examine the metabolic and clinical responses
of prematures fed various milk formulas with varying protein contents and
acidified with racemic acid, L(+) isomer, D(—) isomer or a large amount
of citric acid.

Material and methods

The study was made on 150 premature infants, all of whomn were considered to be
“normal” from the clinical point of view, without any signs of distress. The biochemical
investigations were carried out from the 12th day of lifc when calory intake had reached
1 level of 120 cal./kg bodyweight/day, it being considered that beforehand even the
normal premature infant may show considerable alterations in acid-base balance,
mch alterations being caused by his adaptation to his new surroundings.

A micro-Astrup apparatus, model Amei, was used to study the acid-base balance
ind the values were calculated with the new pH-log pCO, nomogram revised by
S1GAARD-ANDERSEN [8] in 1962,

All the blood samples were taken from the heel, using heparinized capillary tubes.
- A double determination was made in every case and the blood samples were taken at
the same time of day in order to avoid any possible variations. The double determina-
tions were considered to be valid when the actual pH values or the pH values after
saturation of the samples, did not differ by more than 0.005.

In those cases in which the blood sample was taken whilst the infant was crying
loudly, the double determination was not accepted. The analysis was carried out at
once, after the sample had been shaken. A total of 600 double determinations were
made, the actual pH, pCO,, standard bicarbonate and base excess values being cal-
culated.
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Table 1
(‘omposition of the formulas used. in /100 m}

FFormula N X X+p—- X+u+ X+ E X4 N+
racemic citric citric
Fats 3.4 1.4 1.4 1.4 1.4 1.3 1.4. 3.4
Proteins 1.62 3.19 3.19 3.19 3.19 2.9 3.19 i.62
Lactose 734 4.43 4.43 4.43 4.43 3.8 443 7.34
Starch 0 0 0 0 0 1.6 0 0
Dex. maltose [}) 6.0 6.0 6.0 6.0 4.8 6.0 0
Mineral salts 0.2 .64 0.64 0.64 0.64 0.6 .64 0.2
Lactic acid 0 1) 0.5n— 5L+ 0.5R .5L4- O 1]
Citric acid 0 0 0 1} 0 1} 0.5 0.3
(‘alories 68.25 6.5 68.8 6B8.8 6X.8 66.0 6R8.8 68.25
pH 6.65 6.71 4.9% 5.1 49 4.6 1.8 4.1

The 150 premature infants who served as the object of this study were fed 8 different
types of foods and the differences in the composition of these products are given in
Table 1.

All the subjects regularly received an equivalent of 120 cal. kg bodvweight/day from
the age of 12 days, irrespective of the product administered. The food was administered
by stomach tube or as a bottle feed. a total of & feeds per day were given. Vitamin C
daily intake was 60 mg kg.

All the prematures received the non-acidified formula N until aged 12 days, then the
following dicts: formula X: 25 cases; formula X with 1(+) lactic acid: 21 cases; for-
mula X with p(—-) lactic acid: 16 cases: formula X with racemic lactic acid: 29 cases;
formula E with n{+) lactic acid obtained by biological aciditication: 21 cases: for-
mula X with citric acid: 16 cares; formula N with citric acid: 22 cases.

Each infant received the diet for 12 days during which time four determinations of
the acid-base balance were taken; the first whilst the infant was still receiving for-
mula N without lactic acid: on the same day he was transferred to one of the exper-
imental acidified formulas and the acid-base balance was taken on the 4th, 8th and
12 days of this diet.

The () lactic acid used was the one produced by Kyowa Hakko Kogyo (Japan)
at 52¢. of which 709, was the b(—) form. A 309, n(-—) lactic acid free acid from the
Sigma Chemical Co., St. Louis. was also used.

802, racemic lactic acid was obtained from Koge (‘hemical Works. Copenhagen and
L{+) lactic acid from Bochringer Sohn. Ingelheim. The Chemische Fabrik Schweizer-
hall, Basel, supplied the citric acid (lead free).

The amounts of calories. proteins, liquid and acid administered per kg bodyweight/
day with these diets were as follows: sce Tab. 2.

Urinary elimination of organic acids was studied only in the boye of each group by
twodimensional chromatography. The urine samples for 24 h were collected and put in
a refrigerator until analysis. Finally. 75 prematures were chosen and four determina-
tions were made on each of them. the tirst at the beginning of the experiment whilst
they were still receiving the acid free N Formula (sample no 1) then on the 8th and
12th day of the diet containing the different lactic and citric acids (samples nos 2
and 3). The aciditicd milk diet was stopped after 12 days and the Formula N diet re-
given for a period of 10 days after which the final determination of eliminated organic
acids was made (sample no 4).
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Table 2
Calories Calories Liquid Proteins TA*
o/ from em? g . mEq/kg
proteins
Formuia N 120 - 8.7 175 2.84 1.02
Formula X 120 18.9 174 5.5 1.35
Formula X with p(—) 120 18.9 174 5.5 9.37
Formula X with L(4) 120 18.9 174 5.5 8.09
Formula X with racemic 120 18.9 174 5.5 9.15
Formula E 120 17.0 175 5.0 9.03
Formula X with citric 120 18.9 174 5.5 10.61
Formula N with citric 120 9.7 175 2.84 10.62

*TA': Titrable acid expressed in mEq/kg/day obtained by titrating the milk to
end point pH 7.4 using the radiometer automatic titrator TTT 1.

The NorpMAN and NoRDMAN [9, 10] method of twodimensional chromatography
was used with a solvent of alcohol/ammonia/water 400:25:75 and eucalyptol/propa.noi/
formic acid/water 200:200:80:18. Organic acids were identified by comparison with
internal standards and studving the run, fluorescence and colour in front of various
dye solutions. Acridine and bromocresol green were generally used as dyes and either
p-aminobenzoic aldehvde, iodised starch, silver nitrate. p-nitroaniline or sulphanilic
acid as develop reagents.

When the chromatogram showed abnormal pattern, ketonic acids in the same urine
samples was measured using the CavaLLINI and FronTaLr [11-13] method to detect
the possible presence of p-hydroxyphenyl-pyruvic acid. One-dimensional chromato-
graphy with the following two solvents was used:

no 1: amylic alcohol/absolute alcohol,/ water saturated (40:10) !
no 2: butanolethanol/water 100:25:75, to detect ketogluxaric acid run in the same
direction.

We studied the phenolic acid elimination by the ARMSTRONG [14] method adapted
to one-dimensional chromatography using benzene/propionic acid/water 200:140:10
as solvent. Results were interpreted by internal standards and specific developers to
confirm the existence of p-hydroxyphenyl-lactic and p-hydroxyphenyl-acetic acids.

When a rise in phenolic acid excretion was observed the urinary tyrosine elimination
was analysed by high tension electrophoresis: 7,000 volts for 45 min, pH 1.9 (Holzel
Technik Apparatus, Munich) [15], ninhydrine and Pauly reagents for tyrosine were
used as staining methods. Statistical treatment of data have been made with a Sharp
L.C. Compet 32 electronic desk calculator.

Results
The study of the acid-base balance in each group gave the following results:

a) Comparison of the pH, standard bicarbonate, pCO, and base excess values in
25 prematures fed formula N, then the non acidified formula X for 12 days.

pH Formula N ='7.352 8= + 0.04 sz = 4 0.008
% pH Formula X = 7.339 a= 4 0037 8z = 3 0.007
p between 0.3 and 0.2

([
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% St. B. Formula N = 22.12 g= + 2.29 8g = + 0.45 % St. B. Formula N = 22.95 s= 4+ 2.14 sg = + 0.39
% 8t. B. Forpula X = 21.25 a= 1 1.04 sz = +0.38 % 8t. B. Formula X = 218 = + 221 8 = + 0.41
p between 0.2 and 0.1 with racemic p <0.05
% pCO, Formula N — 42.4 f= 1+ 352 8z = 2 07 % pCO, Formula N = 43.0 8= + 4.2 8g = + 0.77
£ pt'0, Formula X = 41.9 s+ 4384 sz = +0.76 . % pCO; Formula X = 444 8= 4+ 456 85z = = 0.84
p between 0.3 and 0.2 with racemic P between 0.3 and 0.2
% B. E. Formula N - -2.25 g+ 2.4 sz = + 0.53 % B. E. Formula N = -0.72 8= + 2.16 8z = =04
£ B E. Formula X --3.54 5 < 3.69 sg = =+ 0.53 . X% B. E, Formula X = -2.99 s= -+ 2.89 sg = = 0.53
p between 0.2 and 0.1 with racemic p<0.01
b) Comparison of the pH, standard bicarbonate. p('0), and base excess values in e) Comparison of the pH, standard bicarbonate, pCO, and base excess values in
21 prematures who received non acidified formula N followed by a period of 12 layvs 21 cases who received non acidified formula N followed by a period of 12 days with
with formula X with L(+4) lactic acid. formula E containing 1.{+) lactic acid obtained by biological acidification.
g A
% pH Formula N 7.351 - 4 004 8% . ()ﬂﬂt? % pH Formula N = 7.331 s = 0.04 65 - = 0.000
X pH FL.u-muh X T.343 ¥ D028 sg -+ 0.006 £ pH Formula B — 7.329 s= 10031 85— = 0.006
with £(+) p between 0.6 and 0.5 with L{-) p between 0.9 and 0.8
& 5t. B. Formula X =229 s= =25 = sg = £ 054 % St.B. Formula N — 2048 s= + 175 sg— = 0.38
X8 B. Formula X =221 = =137 s - 203 %St B. Formula K = 21,05 s= 1174 sz = + 038
with L(+) p between 0.3 and 0.2 with 1.{+) p between 0.3 and 0.2
X p('0, Formula X = 4396  s= £ 49 83 =2 107 £ pLO, Formula N = 4033  s= 1142 53 = £ 03
xpl0, _I‘ormulla X =43.43 s+ 41 sg = + 091 % plO, Formula E = 41.9 8= 4+ 1.44 g = =03
with L(+) with L(4) p between 0.2 and 0.1
p between 0.9 and (L8 . .
_ . . § ) ' % B. E. Formula N = -4.59 8= 4- 2.43 sz = = 0.53
SB.E Formula X' =123 s= > 282 sz =+ 061 2B.E Formula E =-38 s= 423  s3=+05
i B.E. _Pormula X =-236 8= 1 1.7 8 = £ 037 with L(+) p between 0.4 and 0.3
with L(+) p between 0.2 and 0.1
. o f) C i f th i ¢
¢} Comparison of the pH. standard bicarbonate, p(*0, and base excess values in _. ) Comparison of the pH, standard bicarbonate, pCO, and base excess values in

16 prematures who received non acidified formula N followed by & period of 12 days

with formula X with citric acid.
with formula X with p{-—) lactic acid. ormula X with citric aci

- . - - . o ) % pH Formula N = 7.331 8= 1+ 0.038 85z = + 0.009
* pH }?rmula N' B .7.365 . 4 ”'0‘.;9 % = = 0'(’9.- : % pH Formula X = 7.281 8= + 0079 8; = - 019
% pH Formula X - 7.322 s = 1 007 sg = < 0.017 with C.Ae <<0.05 *
with p(—) p<0.05 1. T PO
< @ . , X - x St. B. Formula N = 21.81 s= + 2.0 8g = + 0.3
¥ St. B. Formula N = 22.68 8+ 212 Rz = - .53 : X . X :
x St. B. Formula X = 20.37 B= ! 3.28 s’-‘ = 4+ 08 % St. B. ]‘O‘f“‘“la X =18.86 5=+ 3.8 sz = = 0.96
U - X = . with C.Ac. p between 0.02 and 0.01
with p(—) p- 005 >
R . . 5 . 4 anm , = X pC'O, Formula N = 44.93 s= 4+ 5.01 8; = + 1.25
EpCO, Formula X 42.38 e 2 437 ey = 1 LOY : £pCO; Formuls X — 4094 o= £522 o= 13
% pCO, Formula X = 4012 8= 4 505  8g= + 12 % v‘mh C.Ac ’ 005 x— ="
with n(—) p between 0.3 and 0.2 3 A p<0
. R . . o - [ % B. E. Formula N = -2.81 8= + 2,73 8g = 4 0.68
X B E. Formula N =116, »= 2. oy = £ 0.7 L L B.E Formula X =694 8= 4512 sz =+ 1.2
% B. E. Formula X = -3.1: g= = O Bg == -+ 1.2 o with C.Ac <0.01 X
with p(—) p<0.05 i““ A p <V
d) Comparison of the pH, standard bicarbonate, p(*0), and base excess values in © - g) Comparison of the pH, standard bicarbonate, pCO, and base excess values in
29 prematures who received non acidified formula N followed by a period of 12 days 5’ 22 prematures who received non acidified formula N followed by a period of 12 days
with formula X with racemic lactie acid. N \; with formula N with citric acid.
% pH Formula N 7.36 g:— -+ 0.04 #g = 2 0.007 % pH Formula N = 17.345 s= 4+ 0.03 ag -= - 0.008
xpH Formula X = 7331 8= 1004 sz = + 0.008 * L pH Formula N = 7344 8= £0.037 &5 @ 00N
witlt racemic p--0.02 (. with C.Ac. p between 0.9 and 0.8
oo
» 3 29
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% 8t. B. Formula N == 22.21 a=— -+ 202 8g = + 0.4

£ 8t B Formula N N.97 s=— + 218 Bg = £ 0.47
with (. Ac, p between 0.6 and 0.5

% p('O, Formula N 43.47 R— + 3.87 8g = + 084

£ pt'Q, Formula N = 41.87 8= + 2.57 8z = =2 0.56
with (LAc. p between 0.2 and 0.1

< R K. Formula N - -2.11 s— + 286 8z = 4 058

% B. E. Formula N = -2.83 8= 4 2.6% 8z = = .58

with (LAc. p between 0.4 and 0.3

We compared the urine chromatograms of the organic, ketonic and phenolic acids
to detect the presence of intense tvrosyluria (increase of tyrosine. p-hydroxyphenyl-
pyruvie, p-hydroxyphenvilactic. p-hydroxyphenylacetic acids in the urine) or an in.
erease in the excroetion of organic acids. especially lactic acid. The results of this com-
parison are set out in Table 3. Only the substantial and intense alterations of the
chromatograms were taken into consideration.

Development was nornial from the clinical point of view in the groups receiving
formula N and non acidified formula X, the formulas acidified by n(+) lactic acid
(X with L.{-—) and E). or the formulas with large amount of citrie acid.

Amongst the group of prematures receiving the p( —) lactic acid formula X, there
were four cases with severe clinical signs of metabolic acidosis i.e. loss of weight,
pallor. had overall condition. vomiting and regurgitation which necessitated the dis-
continuation of the diet and the correction of the acidosis with intravenous bicarbonate
infusion.

In the group receiving the formula acidificd by racemic lactic acid there were three
case~ with similar clinical signs but milder which disappeared when the formula was
discontinued. The infants receiving formula X with a high citric acid content showed
no signs of clinical anomaly inspite of much lower acid-base balance values than those
obtained during the non acidified formula N diet.

Table 3

Formula Protein  Acid (‘ases  Number Very Organic Lactic
intake  mEq of chro-  intensive aciduria acid
gkgd  kgd mato- tyro- excretion

grams syluria increased

N 2.84 103 3 146 0 0 0

E 5.0 9.03 5 10 0 0 0

X 5.5 1.35 10 20 1 0 0

X + lactic

acid L(+) 5.5 8.00 5 10 0 0

X + racemic 3.5 9.15 10 20 4 2 1

X 4 cit. ac. 3.5 10.61 11 22 4 0 0

X + lactic

acid p(—) 5.5 9.37 7 14 2 1 2

N 4+ citrie 2.84 10.62 11 22 0 0 0.

N = racemic 2,84 8.83 5 10 0 1 3

N - lactic

acid v{ ) REY 9.05 ) 18 2 2 2
a0

.
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Diseussion

There was no significant difference between the acid-base values of the
prematures fed a non acidified relative protein diet (5.5 g/kg/d) and those
fed a low protein diet (2.84 g/kg/d).

When the high protein diet was supplemented with L(+) lactic acid or
biologically acidified, no significant differences occurred in the pH, pCO,,
standard bicarbonate or base excess values compared with the low protein
non acidified formula.

“Biochemical” metabolic acidosis with acid-base balance values signif-
icantly lower than those observed with the low or high protein non acidified
diets was noted in those groups fed the acidified, high protein, racemie acid
or b(—) isomer diet. In some cases the metabolic acidosis was revealed by
elinical signs, such as extreme pallor, depression, bad overall condition, loss
of weight, regurgitations and vomiting necessitating the discontinuation of
the diet.

Biochemical and clinical metabolic acidosis disappeared when a non
acidified, low protein diet was administrated, or after intravenous injection
of bicarbonate in the very severe cases.

The high protein diet with a large amount of citric acid (10.62 mEq/kg/d)
induced biochemical metabolic acidosis without clinical signs, whereas the
same amount of citric acid with a low protein diet did not. The manufac-
tured formulas generally contain much less citric acid (approximately 4.3
mEq/kg/d) and do not induee metabolic acidosis.

On the whole a large number of prematures fed high protein diets seem
to border on biochemical metabolic acidosis without clinical signs' and the
administration of a semi-metabolised acid such as racemic lactic acid, or
the n(—) isomer, is sufficient to produce complete biochemical metabolic
acidosis with or without clinical signs. The same result can occur with doses
of citric acid higher than those generally used in manufactured milks. The
significant differences between groups receiving the high protein diets with
racemic lactic acid or D(-—) are attributable to the differences in the degree
of metabolisation of the administered isomer.

Brin's [16] experiments on animals using various C14 labelled isomers
showed that a significant amount of n(—) lactate was oxidised with a broad
maximum peak at about the end of the first hour after injection. ScHiMas-
S8EK's [17] experimental studies showed that in the isolated rat liver the rate
of n(—) lactate oxidation is nearly the same as the conversion of L{+)
lactate. Pyruvate, formed by the oxidation of p(—) lactate from mito-
chondria n(-~) oxidase. is neither immediatley oxidised nor converted to
L{+) lactate. Experiments on animals by Drury and Wick [18], who also
usgd C14 labelled isomers, showed that eviscerated tissues metabolise L(+)
quite actively and are able to oxidase a limited quantity of the n(—) isomer.
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The authors established that racemic lactate is almost completely metab-
olised by the intact animal and it is probable that the liver converts D(—)
somer either into the L(+) form, glucose or glvecogen.

In infants, during the first weeks of life. it is extremely probable that
acidosis oceurs on administration of racemic or b(—) lactic acid because the
Ixonier is given jn excessive amonnts and cannot be completely metabolised,
due to the fact that the immatare liver cannot convert the b(—) isomer into
either the L(~) form. glucose or glveogen. This explains why some pre-
matures are perfectlyv able to tolerate formulas with a fairly D(-) isomer
content. whereas others have severe metabolic acidosis. On the other hand.
if the infants are fed a high protein diet which may produce a condition
approaching biochemical acidosis, the administration of non-metabolised
monter facilitates the appearance of clinically recognisable acidosis in the
majority of the cases. For thix reason metabolic acidosis is much less fre-
quently observed in prematures fed a low protein diet. even one acidified
by racemic or p(—) lactic acid.

The clinical symptoms of cases with severe metabolic acidosis after admin-
istration of n( —) isomer are the same as Duvxrop and Harris [19] described
in ruminants. i.e. ahdominal disorders, dehydration, depression, fall of pH,
bicarbonate and progressive increase in the concentration of blood n(—)
lactate. ‘

The study of the urinary organic acid climination revealed three kinds
of alterations: a) intensive tyrosyluria: b) increase in organic acid excretion;
¢) strong elimination of lactic acid.

During the neonatal period the occurrence of tyrosyluria with varying
intensity can be attributed to the following factors: a) protein intake:
b) vitamin C intake: ¢) p-hydroxyphenylpyruvate-oxidase activity in the
liver.

Amongst the prematures receiving the low protein formula N, the high
Protein non-acidified formula X or the formula acidified by L(+) lactic acid.
there was only one case of intense tyrosyluria (receiving the non-acidified
formula X) as opposed to a much higher incidence in the groups receiving
the high protein formula with racemic acid b(—) isomer or a large amount
of citric acid (Tab. 3). There are. therefore, horder line cases of tyrosyluria
during the neonatal period in prematures receivinga high protein formula,
which frequently develop into intense tyrosyluria when additional incom-
pletely metabolised acids are administered. The latter may have a toxic
effect and temporarily inhibit p-hydroxyphenyipyruvate-oxidase activity in
the liver. Strong tyrosyluria also occurs, but much less frequently, with low
protein diets (2.84 g/kg/d). containing racemic lactic acid or D(—) 1isomer.
During the period of intense tyrosyluria there is a drop in the excretion
of acids of the Krebs evele, but a notable increase oceurs when a low protein
non acidified diet is administered,

oy

ELT™

[ENER SN

d. Ballabriga et al.: Metabolic reaponse of prematures to milk formulas

In the groups receiving racemic lactic acid or the D(—) isomer there was
a general increase in the urinary excretion of organic acids in some cases,
especially in the spot corresponding to lactic acid elimination, representing
an excess of non metabolised n(—) isomer. This was not observed in the
prematures fed the citric acid formula. The alterations in organic acid elim-
ination chserved in the infants receiving the p{—) isomer, with intense
metabolic acidosis and dehydration, are difficult to interpret given that there
was possible impairment of kidney function. As in the tyrosyluria cases
AVERY et al. [20] studied during the neonatal period, we found no correla-
tion between the existence of metabolic acidosis and the intensity or fre-
quency of tyrosviuria, nor between the latter and the presence of depres-
stonand lethargy. No clinical signs indicating metabolic acidosis accompany
acute tyrosviuria. The cases of intense lactaciduria, fed the n(—) isomer
diet had varying degrees of metabolic acidosis.

Summary

Prematures fed milks acidified with racemic lactic acid or n(—) lactic
acid during the first two months of life develop “biochemical” metabolic
acidosis, frequently accompanied by the following clinical signs: bad over-
all condition, loss of weight, dehydration, regurgitation and vomiting. The
PH, standard bicarbonate and base cxcess values are significantly lower dur-
ing the period of the racemic and D(—) isomer diets than with milk acidified
by L(+) lactic acid or a non acidified milk with the same protein content.

A diet containing a large amount of citric acid (10.62 mEq/kg/d) could
induce biochemical metabolic acidosis without clinical signs. '

Tyrosyluria occurred at times in the infants receiving the high protein
diets and was much more frequent and intense with the diet containing
racemic lactic acid or the n(—) isomer. This intense tyrosyluria does not
depend on the presence of metabolic acidosis and is without clinical signs.
In some of these cases we observed an increase in the urinary elimination
of organic ucids, especially lactic acid. The mechanism responsible for these
alterations is discussed.

The conclusion to be drawn from this work is that when acidified milks
are used in premature feeding, the formulas must contain exclusively L{+)
lactic acid or possibly citric acid provided the dose is below 4.5 mEq/kg/d.
Racemic lactic acid and D(—) lactic acid should not be used in infant feeding.
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Source: Path. Biol. 17 (21-22): 979-984,
1969

Comparative Study of Metabolic Disturbances in the Liver of the Rat Caused
by the Oral Administration and Intraperitoneal Injection of Citrate

(*) (%)
by P. Baron, G. Griffaton and R. Lowry

Numerous works in the last ten years have emphasized the important role of
citrate as a regulator of energizing metabolism (2) under various physiological
conditions (1, 23). 7

Citrate intervenes as well in the systems for the synthesis of fatty acids
(18, 17, 11) in glycolysis (20, 19, 6) and gluconeogenesis (28).

It thus seemed interesting to us to determine the comparative effects of two
methods of administering citrate: intraperitoneal injection of 1 g/kg of sodium
citrate at pH 7.2, and oral ingestion of 5 g/kg of a mixture of citric acid and
a salt of monosodium citrate and monopotassium citrate (***).

For this purpose, we studied the effect of citrate on the large biochemical
cellular functions: lipogenesis, ketogenesis, gluconegenesis, oxidation and

glycolysis.

We estimated ketogenesis by the sum of the concentrations of B~hydroxybuty-
rate and acetoacetate, The concentration of a-glycerophosphate is a regulating
factor of lipogenesis. We estimated the entire state of oxidation-reduction
and the potential for cellular synthesis by the relationship of NADH to total
NAD, while the lactate/pyruvate reflects the cytoplasmic relationship and the
B-hydroxybutyrate/acetoacetate ratio is an index of the intramitochondrial NADH/
NAD ratio, and therefore of the activity of the Krebs cycle. The determination of
a-ketoglutarate, glutamate, malate, and oxaloacetate gives additional indications

of the functioning of the Krebs cycle, that of oxaloacetate enabling as well, the

estimation of gluconeogenesis.

*
( )Human Nutrition Laboratory of I.N.S.E.R.M. and E.P.H.E. (Director: Pr. J.
Fremoliéres), Bichat Hospital, 172 Ney Blvd., 75 Paris-18e.

*k
( )With the technical collaboration of B. Ardouin who we heartily thank.

(***)Composition of the mixture: citric acid, 1.30 g; mono-K citrate, 1.76 g;
mono-Na citrate, 1.845 g; trimethoxybenzene, 0.20 g; "yellow sun'", 1 mg;
Na cyclamate, 115 mg; Na saccharinate, 11 mg; orange juice, 9.2 mg; mandarin
juice, 2.5 mg. We are grateful to the Lafon Laboratories for kindly supply-
ing us with this mixture.
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Therefore, for_this work, we determined the concentrations of cofactors in
the liver in the oxidized form (NAD, NADP) and the reduced form (NADH, NADPH) and
of the following substrates: lactate, pyruvate, B-hydroxybutarate, acetoacetate,
malate, oxaloacetate, citrate, o-Ketoglutarate, glutamate, a-glycerophosphate
and dihydroxyacetone-phosphate. This series of determinations was completed by
the measurement of the concentration of urea in the liver, and or uremia and

glycemia,
Experimental Protocol

Following preliminary experiments in which the citrate mixture was given in
amounts of 2.5 g/kg per os and for which it was difficult to make any conclusions,
we undertook our experiment using stronger doses. Beyond 5 g/kg, it seemed to
us that the solution would become thicker, making gastric intubation more diffi-
cult. Therefore, we tested the effects of citrate administered per os in the
amount of 5 g/kg. The experiment was performed on male Wistar rats, 125-135
fasted for 18 hours,

For the measurement of citrate in the gastric cavity and in the blood, we
determined in relation to the quantity of the citrate mixture administered, the
quantity of citrate recovered and, from the difference, the quantity of metaboli-

zed citrate (Table I).

Table I. Percentage of citrate recovered and metabolized after intraperitoneal
injection and gavage of citrate., Hepatic levels of citrate under the
same conditions. (In parentheses, the number of rats)

% of mixture % of mixture Hepatic levels
of citrate salt & of citrate salt of citrate in
citric acid re- & citric acid nanomoles/g
covered metabolized ‘M+Sm
Control - - 88+10,0 (4)
Citrate i.p. 1 g/kg
rat killed 30 min later 5 95 1542+50,9 (4)
Citrate per os 5 g/kg
rat killed one hour later 63 37 257+18,4 (4)
Citrate per os 5 g/kg
rat killed 2 hrs later 53 47 218+41,2 (3)

Citrate per os 5 g/kg
rat killed 3 hrs later 36 64 181+20,5 3)
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We made these measurements at the same time that we measured the hepatic
concentration of citrate on 4 groups of rats:

- control rats receiving no treatment. A previous study showed that

factors other than the citrate ion administered at the time of the i.p.
ftnjection or gavage were without effect;
-~ rats subjected to an i.p. injection of 1 g/kg of citrate and sacrificed
30 minutes after the injection. This lot enabled us to compare the
effects of citrate administered by gavage to the rapid and massive
effects of citrate administered i.p.;

- rats subjected to a citrate mixture (5 g/kg) by gastric intubation and
sacrificed an hour after the intubation, the second, one hour later and
the third, 2 hours later.

The table shows that it is not good to wait 3 hours because, although the
metabolized quantity increases with time, it is necessary to have concentrations
gsufficiently different from those of the controls in order to estimate the
effects. This is why in the course of the work, we made the determinations of
the substrates and the cofactors (see introduction) on the first & lots of rats.

For these measurements, we used our own personal modifications of the enzy-
matic methods published by Bergmeyer (5).

The liver, quickly removed and washed in isotonic KCl was cut into two pieces,
one of wﬁich was immediately put into liquid nitrogen. The substrates were mea—
sured after perchloric extraction with Ultra-Turrax and the elimination of the
excess acid. On the other piece of liver, we determined the reduced and oxi-
dized forms of dinucleotides, after extraction of the tissue in a phosphate

buffer at boiling.
This did not take into consideration contamination from the blood, nor the

actual intracellular space.

We expressed the results in nanomoles or in micromoles per gram of fresh
liver. The values obtained were subjected to analysis of the variations. When
the variations of the different groups compared form a normally distributed
population (verified by the appropriate tests), the analysis of the variation leads
to the calculation of a standard deviation common to all these groups. The degree

of the significance of the differences between the groups was evaluated by means

of the F test.
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In the case of calculating the standard deviations from the averages of
the ratios, it is necessary to normalize the variation by an angular conversion
of the individual figures. The calculation of the standard deviation is done on

the conversions, then we return to the original figures.
Results

These are arranged in Tables I1I, III, IV and V. They may be summarized

thus:

In the liver

- The concentrations of the NAD and NADP cofactors were changed neither by
gavage nor by intraperitoneal injection of citrate.

- The concentration of NADH which fell very significantly after i.p. injection
of citrate was not significantly changed by gavage (Table IV).

- Two hours after gavage of the citrate mixture, a very significant decrease
of NADPH was observed; mno effect on this cofactor was visible 1 hour after
gavage, no more than 30 minutes after i.p. injection.

- The following substrates increased after oral administration of citrate:

+ lactate, dihydroxyacetone-phosphate, oxaloacetate, malate (all very
significantly) with a tendency of the last two to decrease after
two hours;

» a-glycerophosphate and acetoacetate (both very significantly);

» 1.p. injectionof citrate acted in the same way, but all of the
changes were very significant.

- The concentration of B~hydroxybutyrate fell significantly one hour after
gavage or after i.p. injection of citrate; two hours after gavage, it returned
to normal.

- The concentration of glutamate did not significantly increase under the
influence of gavage of the citrate mixture, although it increased very signifi~-
cantly after i.p. injection of citrate.

- The concentrations of pyruvate and o-ketoglutarate were not modified by

either of the treatments.

- The level of urea was very significantly increased by gavage and i.p.

injection of citrate.



Table II.

Hepatic levels of lactate (LAC), B-hydroxybutyrate (BHOB
and glutamate (GLU), expressed in um/g of fresh weight.

), malate (MAL), a-glycerophosphate (a GP),
M + Sm. (In parentheses, the number of rats.)

LAC gHOB MAL o GP GLU
Control 0,54140,0647 (5)  3,03+0,261 (6)  0,185+0,0122 (6) 0,71+0,103 (6)  2,22+0,166 (6)
Citrate 1.p. 3,81 %0,326 (6) 1,28+0,261 (6) 1,65 +0,248 (6) 1,2040,103 (6) 3,52+0,166 (6)
1 g/kg ~ 30 min
Citrate per os 1,72 40,293 (6)  1,70+0,261 (6)  0,492+0,0819 (6) 0,93+0,103 (6)  2,67+0,166 (6)
5 g/kg - 1 hr
Citrate per os 1,82 0,293 (6)  2,9740,261 (6)  0,379+0,0793 (6) 1.05+0,103 (6)

5 g/kg - 2 hr

2,5940,166 (6)

Table III. Hepatic levels of pyruvate (PYR), acetoacetate (ACAC), oxaloacetate (0AA), dihydroxyacetone-phosphate

(DHAP), o~ketoglutarate (o KG), expressed in nanomoles/g of fresh weight,

the number of rats,)

M.i Sm,

(In parentheses,

PYR

ACAC

0AA

DHAP

o KG

Control 64+14,0 (7)

Citrate i.p. 105+21,9 (9)

1 g/kg - 30 min

Citrate per os
5 g/kg - 1 hr

Citrate per os
5 g/kg - 2 hr

80+15,3 (9)

62+10,6 (8)

92,1+12,0 (6)
151 +11,0 (6)

136 + 8,38(6)

213 437,1 (6)

18,5+4,04 (5)
44, 6+4,04 (5)

39,944,04 (5)

31,2+4.04 (5)

24,0+5,08 (6)
45,3+5,08 (6)

48,2+5,08 (6)

46,4+5,08 (6)

36,0+ 9,53 (5)
53 +11,5 (6)

41,6+ 8,72 (6)

22,9+4,98 (5)

§GI10



Table IV. Hepatic levels of cofactors: NADH, NAD, NADPH and NADP, expressed in nanomoles/g of fresh weight.
M + Sm. (In parentheses, the number of rats.)

~

‘NADH S NAD . NADPH NADP
Control 256+14,7 (10) 417+20,1 (10) 359+19,2 (8) 63,7+7,04 (6)
Citrate i.p. 160+14,7 (10) 409+20,1 (10) 404+19,2 (8) 73,347,04 (6)
1 g/kg - 30 min
Citrate per os 224+14,7 (10) 388+20,1 (10) 344+19,2 (8) 64 ,4+7,04 (6)
5 g/kg - 1 hr
Citrate per os 281+14,7 (10) 422420,1 (10) 293+19,2 (8) 72,947, 04 (6)

5 g/kg - 2 hr

Table V. Hepatic concentrations of urea, uremia and glycemia. M + Sm. (In parentheses, the number of rats.)

Hepatic urea Uremia in g/l Glycemia in g/l
in um/g '

Control 4,64+0,352 (5) 0,16 1,011+0,0538 (6)
Citrate 1.p. 6,90+0,352 (5) 0,23 1,52 +0,167 (6)
1 g/kg - 30 min

Citrate per os 5,7140,352 (5) 0,19 1,412+0,0971 (6)
5 g/kg - 1 hr

Citrate per os 7,9640,352 (5) 0,25 1,78 40,173  (6)

5 g/kg - 2 hr

6G10
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Uremia and glycemia increased after either treatment.
Discussion

1 - The B-hydroxybutyrate/acetoacetate ratio decreased significantly after
oral administration of the citrate mixture, very significantly after i.p. in-
jection of citrate (Table VI). The work of Krebs (14) and Lehninger (15) showed
that this ratio is an index of the intramitochondrial NADH/NAD ratio. The fall
in the intramitochondrial NAD/NADH ratio can only be interpreted as a more oxi-
dized state of the redox pair, NAD/NADH, as compared to the normal. According
to Chance and Williams (5 bis), this oxidation is encountered during the utili-
zation of the substrate provided that the amount of phosphate acceptor remains
high (ADP); in other words, that all the ADP is not transformed into ATP.

When the substrate is at an elevated concentration, as is the case here, the
mitochondria are in state no. 3, "active", the phosphorylating oxidation being
intense. This slows down in proportion to the disappearance of the substrate,
but if the ADP remains at a high concentration, NADH continually decreases
toward zero (state no. 2 of Chance and Williams). The total transformation of
ADP into ATP brings about the total reduction of the NAD and the return to
normal of the NADH/NAD ratio: this is state no. 4 "of rest", if the substrate
is at a high concentration, state no. 1 if the substrate has been used up.

From the preceding, we may interpret the fall in the intramitochondrial NADH/
NAD ratio as indicative of an increase in activity of the Krebs cycle.

Citrate administered orally thus increases the activity of the Krebs cycle
as does the i.p. administration of citrate.

The lactate/pyruvate ratio increased after both of the treatments (in the
case of gavage, the dispersion of the pyruvate concentration prevents the in-
crease in this ratio from being significant). This ratio is an index of the
cytoplasmic NADH/NAD ratio. The cytoplasmic NADH/NAD ratio thus increases under
our experimental conditions; the environment becomes more reducing.

The total NADH/NAD ratio (corresponding to the direct determinations which
we make of these two cofactors) falls following i.p. injection of citrate, but

it is no different after gavage than it is in the controls.



Table VI.

Ratio of reduced forms to oxidized forms (*).

M.i_Sm.

(In parentheses, the number of rats.)

NADH/NAD

LAC/PYR

BHOB/ACAC

o GP/DHAP

GLU/a KG

Control

Citrate 1i.p.
1 g/kg - 30 min

Citrate per os
5 g/kg = 1 hr

Citrate per os
5 ¢g/kg - 2 hr

0,609+0,0506 (10)
43 12,3 (6)

0,583+0,0593 (10)

0,671+0,0771 (10)

10,3+ 3,94 (5)
43 +12,3 (6)

21,6+ 5,02 (6)

27,1411,5  (5)

31,0+6,55 (5)
7,8+1,69 (6)

11,4+2,31 (6)

15,0+2,32 (6)

28,5+2,74 (5)
25,6+6,15 (5)

19,8+4,77 (6)

22,0+4,08

68+19,1 (5)
72+17,6 (6)

70+14,1 (6)

145+44,5 (4)

%
( Ealculated from the individual values after normalization of the wvariation.

€GT0
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2 - The lowering of the total of the concentrations of B-hydroxybutyrate and
acetoacetate which is very significant after gavage of i.p. Injection, although
the acetoacetate concentration increases, indicates that in both cases citrate
exerts an anti-ketogenic effect. This is undoubtedly the result of the acti-
vation by the citraie (demonstrated by Waite and Wakil (26), of the carboxy-
lation of the acetyl-CoA into malonyl-CoA, the first step in the biosynthesis
of fatty acids (22). This anti-ketogenic effect indicated by the fall in the
total of the concentrations of these two ketonic substances, does not appear to
be lasting, since the level of B-hydroxybutyrate rises two hours after gastric
intubation of the citrate mixture. But other factors make us think that it is
nothing of the sort because the concentrations of citrate and oxalate remain
higher than normal, and it is known that these substances facilitate the re-
covery of the waste products of the acetoacetate by the peripheral tissues (7).
Further, it is known that so long as there is a sufficient quantity of oxalo-
acetate, the acetyl-coenzyme A is condensed with the oxaloacetate to form
citrate (12) which is burned in the Krebs cycle.

3 — The oral administration, like the i.p. injection of citrate, activates
the Krebs cycle, we have said. The ATP thus formed is necessary to the activity
of the splitting enzyme of citrate which reduces this substrate to acetyl-CoA
and oxaloacetate (3, 20). The proof of the activation of this enzyme (16) is the
increase of the concentrations of malate and oxalacetate which the activity of
the Krebs cycle cannot account for (the increase in the activity of the Krebs
cycle cannot be verified by the increase in the concentrations of the inter-
mediaries).

The oxaloacetate thus formed may, by the effect of the carboxykinase of
phosphoencl-pyruvate, yield phosphoenol-pyruvate (8), the first step of gluco-
neogenesis which is facilitated by the reducing nature of the cytoplasmic
milieu (elevation of the lactate-pyruvate ratio). Moreover, it is known that
citrate inhibits the reaction catalyzed by phospho-fructokinase, the key enzyme
in glycolysis (21). The very significant elevation in glycemia is the result
of the inhibition of glycolysis by the citrate and the stimulation of gluconeo-
genesis by the oxaloacetate. Finally, under our conditions in which glycolysis
is inhibited (25), the increase of the concentrations of dihydroxyacetone phos-

phate and of a-glycerophosphate is additional proof of gluconeogenesis (24).

e e YA AT
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4 - Lipogenesis and the synthesis of triglycerides necessitates the simul-
taneous contribution of acetyl-CoA, NADPH and o-glycerophosphate (27). The
formation of malonyl-CoA is, in our opinion, activated by the citrate. The
NADPH is formed either by the action of the cytoplasmic dehydrogenase of the
isocitrate or perhaps by the action of the malic enzyme. The pyruvate formed
by the éction of the malic enzyme (exactly like that formed from phosphoenol
pyruvate, in other words, oxaloacetate) is soon transformed into lactate.

There again, the raising of the lactate/pyruvate ratio, in other words, the re-
ducing nature of the cytoplasm, facilitates the biosynthesis of fatty acids (4).
An increase in the concentration of o-glycerophosphate was observed. All

the conditions were thus present for the stimulation of lipogenesis (29).

5 - The glutamate/ a-ketoglutarate ratio was not significantly changed. The

concentration of oxaloacetate was increased. At the same time as oxaloacetate

appeared as a substrate of gluconeogenesis, it could by a transamination reaction:

OAA + GLU—> o KG + ASP,

bring about the formation of aspartate, in which intervention is necessary for
the formation from citrulline, of arginosuccinate, the precursor of urea (10).
The increase in the concentration of urea in the liver is the result of it;
there results from it an elevation in uremia. It was found concurrently in the
case of intraperitoneal injection, corpulence of the bladder, an indication of
polyuria,

In conclusion, the variations in the concentrations of various cofactors and
substrates after oral administration of a citrate mixture had the following
results: increase in the activity of the Krebs cycle, anti-ketogenic effect and
inhibition of glycolysis; there was also stimulation of gluconeogenesis,
lipogenesis and ureogenesis.

Citrate would thus have an effect under different physiopathological condi-
tions, especially when there is production of ketones (13): low carbohyrate,high
fat, high protein diets, violent muscular exertion, anesthesia, sugar diabetes

(diabetes mellitus) and ketosis.
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Summary

The authors administered citrate to male Wistar Rats of roughly 130 g
fasting for 18 hours, either 1 g/kg by intraperitoneal injection or 5 g/kg by
mouth. They were sacrificed at the same time as controls, i.e. 30 minutes
after injection or 1 or 2 hours after oral admiuistration.

The concentration of various substrates and cofactors was determined in the
liver by enzyme analysis.

The concentration of the following substances rose as a result of treatment:
lactate, dihydroxyacetone phosphate, oxalocetate, malate, alpha-glycerophosphate,
acetoacetate and urea. The concentration of beta-hydroxybutyrate fell. NAD,
NADP, pyruvate, and alphaketoglutarate remained unchanged. NADH fell and
glutamate rose after injection but not after oral ingestion.

These variations are discussed and compared with other experiments carried
out with various compounds. Finally examination of the concentration ratios
shows that citrate accelerates Krebs' cycle, has an antiketogenic effect and

inhibits glycolysis. It seems to be able to stimulate neoglucogenesis, lipo-

genesis and ureogenesis,
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COMPAREE DES PERTURBATIONS METABOLIQUES
PROVOQUEES DANS LE FOIE DU RAT

PAR ADMINISTRATION « PER OS »

Es nombreux travaux des dix derniéres années souli-

gnent e role import.mt du ctrate comme régula-

teur du métabolisme énerpdtique (2) dans différentes
- conditions physiologiques (1, 23).

Le citrate intervient, en effct, aussi bien dans les
systémes de la synthése des acides gras (18, 17, 11) que
dans ceux de la glycolyse (20, 19, 6) et de la néogluco-

- génése (28). '

1l nous a donc paru intéressant de déterminer” les
effets comparés de deux modes d'administration du
citrate : injection intrapéritonéule de 1 grkg de citrate
de sodium 4 pH : 7,2 et ingestion per ar de 5 grkg d'un
mélange d'acide citrique et d'un sel de citrate mono-
sodique et monopotassique (***).

Dans ce but, nous avons étudié 'effet du citrate sur
fes grandcs fonctions biochimiques cellulaires :  lipo-
Zénése, cétogénése, ncoblucowume oxydations et glyco-
lyse.

"Nous’apprécions la cétogénése par la somme des
concentrations de {3-hydroxybutvrate et acétoacétate. La
concentration de 'a-glycérophosphate est un facteur

E?&UI?‘C?F. de l;l. lipogénése. Nous apprécions I'état global

o 4 N . it .
_+___;>:__ e e . . Pan e

et de

(‘) [almmm:h de Nutvition Hum.ne de 1[1\ SERM.
172,

FEPH.E. (Divectenr : P° ). TLLMomms), Hop:ml Blt/).ll
54 Ney, 7%+ Paris-18"

'(**) Avee Ja collaboration techaique de ‘B. Auuoum quc “npous

femetcions vivement,

(s*%) Composition Ju mélange
mono-K, 1,76 g citrate moeno-Na,
0.20 g5 jaunc solcil, 1 mg; «clamate Na,
Na, 11 mg; cssence Jd'orange, 9,2 mg;
225 mg. : ’

Nous

acide ctrigue, 1,30 g citrate
1,845 g; triméthoxybenzéne,
115 mg; sarcharinate
essence Je mandarine,

sommes  reconnaissants aux  Laboratoires Lafon de  nous

<+ avole, simablement fourni cc nmiélange.

4

)

ET INJECTION lNTRA PERITONEALE DE CITRATE

. : - ‘ P. BaroN, G. GRIFFATON et R, Lowy (*) (*%) L

d'oxydo-réduction et le potentiel de synthése de Ia
cellule par le rapport NADH/NAD total, tandis que le
rapport lactate/pyruvate refléte le r rapport NADH/NAD
()toplasmlque et que le rapport {-hydroxybutyrate/
acftoacétate est un indice du rapport NADH/NAD

intramitochondrial, donc de lactivité du cycle de Krebs.

La détermination de I'u-céoglutarate, du glutamate, du
malate, de l'oxaloacétate donne des indications complé-
mentaires sur le fonctionnement du cycle de Krebs, celle
de l'oxaloacétate permettant en plus d’apprécier la néoglu-
cogénése.

Nous avons donc pour ce travail déterminé dans le foie
les concentrations des cofacteurs sous forme oxydée
(NAD, NADP) ¢t sous forme réduite (NADH,
NADPH) et des substrats suivants : lactate, pyruvate,

(-hydroxybutarate, acétoucétate, malate, oxaloacétate,
citrate, a-cétoglutarate, glutamate, a-glycéro-phosphate

et dihydroxyacétone-phosphate. Cette série de détermi-
nations a ét¢ complétée par le dosage de la concentra-

" tion de I'urée dans le foie, de l'urémie ct de la glycémie.

PROTOCOLE EXPERIMENTAL

A la sulte d'expériences préliminnires dans lesquelles le
mélange citrate étalt apporté a la dose de 2,5 g'kg per os et sur
lesquelles 11 était difficlle de conclure, nous avons repris notre
expérimentation avec des doses plus fortes. Au-dela de § grkg.
il nous est apparu gue, la solution devenant plus pateuse, le
tubage gastriqgue devenalt plus difficile. Nous avons donc
testéd les effets du cltrate administré per os & la dese de 5 R/Kg.
L'expérimentation a été réalisée sur des rats males Wlstar, de
125-135 g. A jeun deputs 18 heures.

Par des dousages de cltrate dans la cavité gastrique et dans
le sang, nous avons déterminé., par rapport a
du mélange citrate adiministrée, la quantité de citrate retrou-
vée et, par difference, la quuntité de citrate métabolisée
(tableau 1). .

Path.-Biol., 1969, Vol. No 21-22, 979-984.

ia quantité .



080 —

TE . .
. ’
T

PERTURBATIONS METABOLIQULS

; tique en ciirate dans les

.TAB’LEAU I. — Pourcentage de citrate retrouvé et métabolisé apris

0153

L ro

PATHOLOGIE-BloLosin

HEU.HIQ( ES DU!;S AU CITRATE NOVEMBAE 1969

injection Intrapéritonéale ot aprés gavage de citrate. Teneur hépa-

mémes conditisns. (Enire parenthéses, nombre de rals).

7
Do ] . % de mélunge sel de citrate | % de wélinga sel da citrate Ternzur hipatique on ctirgte
R ! t dacide ciriqua refrouvé faet d'acide citrique métabolisé @ en namol/g ; M x S,
1hH) § | - B - ) Sannt -
. Témoin { ) - . o . . B8 =100 (4 - RN
'S Citate ip. 1 g/kq ’ 5 LE o es T S 1562 £ 508 4y,
-~ rat tué 30 mn apres I y ' P : . . L)
A ) / : o | : ; .
- Cirats por o8 g/kg 63 - ! 257,x 184 (4)
. 1at tue 1 h aprés o L [ A ‘ . e I
\ o ' N R ) . ’
7 Citrate per os § g/kg ' R FIRRAIE W7 s 218 x 412 ()
: " rat tué 2 h aprés l : - .z '1 Lo Lo e te,
: ‘8 Citrate per os 5 g/kg jl 36 LI ‘ ) * . 181 '+ 20,5 3)
. rat tué 3 h apres 1
Nous avons falt ces déterminations, en mérme temps que celle ! ' RESULTATS !
de la concentration hépatique du citrate, sur 4 groupes de R . : L . -
rats : : .
= des rats témotns ne recevant aucun traitement, Une étude Ils sont rasanabJes d,an? les tableau H’ IH’ IV. ¢t V. .
préalable & montré que les éléments atlres que l'lon cltrate, On FEUI les resumer ainsi. -~ . .
administrés lors de l'injection Lp. ou du gavage, sont sans . . o
effct ; Dans le foia : .. }

— des rats soumis & une Infection L.p. de 1 g/kg de cltrate et
sacrifiés 30 minutes aprés l'injection. Ce lot nous permet de
comparer les effets du citrate ad:minisire par gavage & ceux,
rapides et massifs, de l'apport de cltinte par voie i.p. ;

-— des rats soumts au melange citrate (5 g/kg) par tubage
gastrique et sacrifiés, un lot une Leure aprés le tubage, le
second 1 heure aprés et je troisléme 2 heures apres,

Ce tableau montre qu’'tl n'est pas bon d'attendre 3 heures,
car, blen que la quantité métabolisee awrmente avee le temps,
Ul faut avolr des concentrations suftisamment différentes de
celles du témoln pour apprécler les cifets. C'est pourquol, dans
la sulte du travail, nous savons efectué los déterminations
des substrats et des cofacteurs (voir introduction) sur les 4
premiers lots de rats,

Pour ces dosages, nous avons utiiisé des wodifications per-

' sonnelles des méthodes enzymatiques publlées pur Bergmeyer (5).

Le fole, prélevé rapldement et iave dans KCl {sotonique, est
coupé en deux morcenux dont l'un est plongé immeédintement
dans l'azote jiquide. Les substrats sont desés aprés extraction
perchlorique & 'Ultra-Turrax et eltmination de l'aclde en
excés. Sur J'autre morceau de fole, nous déterminons les formes
réduites et oxydées des dinucléotides, aprés extractlon du tissu
dans un tempon phosphate & ¢bullition.

Il n'a été tenu compte nt des contaminations par le sang, .
n) de l'espace intraceilulalre vrai.

Nous exprimons les résulints en nanomeoles ou en micromoles
par gramme de fole frais. Les valeurs uktenues ont été soumises
A l'analyse de vurinnce. Lorsque les variances des différents
groupes & comparer forment une popiliation normalement dis-
tribuée (on le vérifie au moyen de tests appropriés) l'analyse
de variance aboutlt au calcul d'un ecart-type commun a tous
ces groupes. Le degré de signification des différences entre
groupes a été évalué au moyen du test ¥, -

Dans le cas du calcul des dearts-type sur les moyennes des
rapports, il est nécessalre de normuliser ia Variance par une
transformation angulaire des données individuelles. Le calcul
de I'écurt-type est fatl sur ces transformees, puls on revlent
aux données originelles.

TABLEAU II. — Teneurs hépatiques en lactate

(LAC), 8-hydroxybutyrate (#HOB), en malate (MAL),

— Les concentrations des cofacteurs NAD et NADP
ne sont modifiées ni par le gavage, ni par I'injection
intrapéritonéale de citrate.

~— La concentration de NADH qui ka'sse trés signi-
ficativement aprés I'injection i.p. de citrate n'est pas
modifiée significativement par le gavage (Tableau IV).

~— 2 heures aprés gavage au mélange citrate, on
observe une diminution trés significative du NADPH ;
aucun effet sur ce cofacteur n'est visible 1 heure aprés
gavage, non plus que 30 minutes aprés injection intra-
péritonéale, . :

— Les substrats suivants augmentent aprés adminis-
tration de citrate per os :

. lactate, dihydroxyacétonc~phosphatc, oxaloacétate,
malate (tous trés significativement) avec tendance
i la diminution au bout de 2 heures pour les

. deux derniers ;

- a-glycérophosphate et acétoacétate (tous deux
significativement) ;

. linjection ip. de citrate agit dans le méme sens
mais les variations sont toutes trés significatives.

— La concentration du f-hydroxybutyrate baisse trés
significativement 1 heure aprés gavage ou aprés injection
i.p. de citrate ; 2 heures aprés gavage, elle revient 4 la
normale, :

en z.glycérophosphate (aGP),

#n glutamate (GLU), exprimébos en ftm/g de poids frais. M = 8, (Entre purenthéses, nombre de rats).
t f
i ! LAC ) SHOB ' MAL , aGP " GLU
— e I et e —— el e T e
,@Nmoin . 0,541 x 00647 (5) ! 303 + 0,261 (6) | 0.185 £ 0,0122 (6) 07! + 0,1C3 {6) | 222 = 0166 (6)
i .
Citrate I.p. 381 =+ 0,326 (8) { 1.28 = 0,261 () 165 = 0,248 {6) 120 + 0,103 (6) ! 352 £ 0,166 (6)
1 @/kg - 30 mn, I ’ . !
gitrc/:l!‘e pa; :I 1,72+ 0,293 (6) ' L70 + 0,261 (6} j 0492 « 0.0819 (6) €93 . 0103 (g) | 267 & 0,166 (6}
Q/kg - - | .
Citrate per os I‘ 1,82 = (,293 {6) f 2,97 x 0261 (6) 0,379 2+ 0,079 (6) 1,0S &+ 0123  (§) ! 2,59 x 0,166 (6)
5 g/kqg - 2 h. | l
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TABLEAU IIl. — Tensurs hépatiques en pyruvate (PYR), acétoacétates (ACAC), oxaloacétate (OAX), dihydroxyacelone-phosphate (DHAP),
t a-chloglutarate (aKG) exprimées en nanom/q¢ de polds trais. M =z s,. (Entre parenthéses, nombre de rats).

1
- ' PYR : ACAC OAA DHAP ; 2KG
"‘Cﬁ?jrcﬂ‘ ' N
(p émol . 64 = 14,0 (7 g2l = 120  (6) 185 + 4.04 (3 | 240 £ SC8 (6) . 350 = 953 (S
i i
Curate 1.p. , 105 = 21,8 (8 . 1S1 = 1.0  (8) 446 £ 404 (3) 453 = 508 (6} 53 0+ ILS  (6)
1 g/kq - 30 mn. . : [
Citrate per oa 80 £ 153 (§) |, 136 = 838 (6) 309 » 404 (5) | 482 508 (5) | 416 = 872 (6
5qg/kg -1 h [ ! : ,i
Citrate per o1 | 62 « 106 (8 213 x 37,1 (6) 312 = 404 (S) 464 % 508 (6) ' 229 = 498 (S
S g/kg - 2 h. i ' |

TABLEAU IV. — Teneurs hépatiques en colacteurs :

NADH, NAD, NADPH ot NADP, exprimées en nancri/g de polds trais,
(Eatre parenthéses, nombre de rats).

Mt s,

, v
: : | NADH i NAD | NADPH ! NADP
) i !
- | - — —— e
- LContro i : ?
v 'l/é’\r'nom / i 2%6 x 147 (10) : 417 = 201 {10) 358 x 19,2 (8) - 63,7 + 7,04 (6)
' . Citrate ip. ' 160 = 14,7  (10) 4C% £ 20,1 (l0) 404 = 192 (8) ' 73.3 + 7.04 (B)
'Y g/kg - 30 mn, | :
" Cltrate per os 1 224 = 147 (10} ! 388 + 20,1 (1Q) 344 + 19,2 (B) ! 644 = 7,04 (6)
-9 g/kg - 1| h, : : ;
. i |
Citrate per os ! 281 x 147 (i0) : 422 = 20,1 (l0) 293 + 19.2 (8) ’ 72,9 = 2.4 (6)
5 g/kg - % h. ' !
. | ;
TABLEAU V. — Concentrations hépatiquos de l'urée, urémie et glycémie. M + s,. (Entre parenthéeses, nombre de rats).

{ Urée hépotique en fim/q

}

2. Urémie en g/i ‘ 5 Glycéemio en g/l

| Gt
-+ Citrate i.p.
: :l 9/kg - 30 mn.

4,64 % 0352 (5)

6.90 = 0,352 (3)

Citrate per os 571 + 0,352 {9)

" 3q/kg -1 h.
. -Citrate per os 7.96 £ 0,352 (5}
Sqg'kg-2h

Lo6 1011 + 00538 (6)
0.23 152 % 0167 (6)
o019 1412 = 00971  (§)
“ 028 178 %0173 (6)

13

v
‘

-~

. — la concentration du glutamate n’augmente - pas
sierificativement sous l'influence du gavage au mélange
it e alors qu'elle augmente trés significativement aprés
ust injection i.p. de citrate.
= Les concentrations du pyruvate et de la-céto-
.G arate ne sont modifiées par aucun des traitemends.
# <~ La teneur en urde. est trés significativement
" dugamentée par le gavage et Finjection ip. de citrate.
Lang e :cng|': . I ' o
Llurémie et la glycémic augmentent aprés Fun ou
au'e des traitements. B

' vy S et e

'l
LY ¢

LR T . . - :

1. — Le rapport p-hydroxybutyratc/acétoacétate dimi-
nuc significativement aprés le gavage au mélange citrate,
tiés significativement aprés injection i.p. de citrate
- (Tableau VI). Les travaux de Krebs (14) et de Leh-

 hinger (15) ont montré que ce rapport est un indice du -

‘DISCUSSION <, )

rapport NADH/NAD intramitochondrial. La baisse du
rapport NADH/NAD intramitochondrial ne peut que
traduire un état plus oxydé du couple redox
NAD/NADH par rapport a la normale. Selon Chance et
Williams (5 bis) cet état d'oxydation se rencontre au”
cours de l'utilisation du substrat, pourvu que la teneur
en accepteur de phosphate (ADP) reste élevée, clest-a-
dire tant que tout ' ADP n'est pas transformé en ATP.
Lorsque le substrat est 2 concentration élevée, comme
cest le cas ici, les mitochondries sont dans l'état n® 3
« actif », les oxydations phosphorylantes sont intenses.

.. Celles-ci se ralentissent au fur et 3 mesure que le substrat

disparait, mais si 'ADP reste & concentration élevée, le
NADH diminue toujours et tend vers zéro (état n® 2 de

Chance et Williams). La transformation com;léte de

I'ADP en "ATP entraine la réduction compléte du NAD
et le retour & la normale du rapport NADH/NAD
c'est I'état n® 4 « de repos », si le substrat est 3 concen-
tration élevée, I'état no 1, si le substrat a été consommé.
De ce qui précéde, nous pouvons interpréter I'abaissement
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. TABLEAU VI[. — Rapport des jormes réduites aux formes oxydées (').‘M x 8,0 (Entre parenthéses, nombre de zcis). ’
B _NADH/NAPD LAC/PYR BHOB/ACAC «GP/DHAP GLU/aKG‘
I SRR PUNESEp——— [
“Toakiel ] » X s
Témoin 0,609 + 00506 (10} 10,3 £ 354 (5) 310 = 655 (3 | 28,5 £ 2,74 (5) 68 = 18,1 - {5)
Citrate x.p.; 43 123 (6) 43 -+ 123 (6) 78 = 1,69 "(6)" . 256 = 615 (5) C 73+ 1767 (6)

1 g/kg - 30 mn,
-t

0,583 = 0.0593

Citrate per os (:0) 21,6 = 5,02 (6)

. i

Na = 280 (6) | 198+ 477 (&) | 70 1417 @

5 g/kg - 1 h. ) ] , ) L . .

Citratle per os 0,671 + 00770 (10} 27,1 = 11,8 T (5) 15,0 = 2,32 (&) 22,0 = 4,08 145 + 44.5 - (4)

S q/kq - 2 h , . . e
et . . .. - . e ) - e

) Calculé sur les valeurs individuelles aprés normalisation de la variance. o .

E RO

“du rapport NADH/NAD intramitochondrial - comme

traduisant une augmentation de l'activité du cycle de
Krebs.
Le citrate per o5 accroit donc Vactivité du cycle de
* Krebs comme le fait Padministration 1.p. de citrate.
Le rapport lactate/pyruvate augmente aprés 'un ou
. T'autre des traitements (dans le cas du gavage, la disper-
sion des concentrations du pyruvate empiche que
l'augmentation de ce rapport soit significative). Ce rap-
port est un indice du rapport NADH/NAD cytoplas-
mique (9). Le rapport NADH/NAD cytoplasmique
s'éléve donc dans nos conditions expérimcmales o e
milieu devient plus réducteur.

Le rapport NADH/NAD wtal (correspondant aux
déterminations directes que nous faisons de ces deux
cofacteurs) baisse 3 la suite de I'injection i.p. de citrate,
mais n'est pas différent apres le gavage de ce quiil est
chez le témoin. _

2. — La baisse de la somme des concentrations de
B-hydroxybutyrate et acétoacétate qui est trés significative
.aprés le gavage ou injection i.p., Liea que la concen-
tration de Pacétoacétate augmenie, indique que le citrate
exerce dans les deux cas un eflet anticétogénique. Ceci

est sans doute la conséquence Je Tactivation par Je

citrate, démontré par Waite ¢t Wakil (26), de la carbo-

xylation de I'acétyl-CoA en malonyl-CoA. premiére éape
de la biosynthése des acides gras (22). Cet effet anti-
cétogénique indiqué par la baisse de la somme dus
concentrations de¢ ces deux corps cétoniques n'apparait
pas durable, puisque la tencur en (3-hydroxybutyrate
s'éléve deux heures aprés le tubage gastrique au mélange
citrate. Mais d'autres éléments permeitent de  penser
qu'il n'en est rien, car les concentrations de citrate et
d'oxaloacétate restent suzéricures a la normale et l'on
sait que ces substrats facilitent le caplage de I'acéto-
acémtc par les tissus périphérixlues (7). D'ailleurs, on
sait que, tant quc Poxaloacitare est a  concentration
suffisante, I'acétyl-coenzyme A est condensé avec loxa-
loacétate pour former du citrate (12) qui et brilé
dans le cycde de Krebs,

3. — Liadministration per o+ comme linjection ip.

ot

e

L'ATP ainsi formé est nécessaire 4 lactivité de. I'enzyme
de coupure de citrate qui dégrad€ ce substrat en acétyl-.
CoA et oxaloacétate (3, 2¢). La preuve de Tactivation
de cet enzyme (16) est {'augmentation des concentra-
tions de malate et d'oxaloacétate dont 'accroissement
d'activité du cycle de Krebs ne peut rendre - compte
('augmentation d'activit¢ du cycle de Krebs ne peut
se constater par l'augmentation des concentrations des
intermédiaires).

Loxaloacétate ainsi. formé peut par Paction de la
carboxykinase du phosphoénol-pyruvate donner  le
phosphoénol-pyruvate (8), premicre €étape de la néo-
glucogénése qui est facilitée par le caractére réducteur
du milieu cytoplasmique (¢lévation du rapport lactatef
pyruvate). On sait, par ailleurs, que le citrate inhibe
la réaction catalysée par la phospho-fructokinase, enzyme-
clé de la glycolyse (21). Lélévation trés significative
de la glycémie est la conséquence de Pinhibition de la
glycolyse par le citrate et de la stimulation de la néo-
glucogénése 4 partit de 'oxaloacétate. Enfin, dans nos
conditions od la glycolyse est inhibée (25), l'augmen-
tation des concenirations de dihydroxyacétonephosphate
et d'a-glycérophosphate est une preave supplémentaire
de la néoglucogénese (24).

4. — La lipogénése et la synthése des triglycérides
exigent Japport simultané d'acyl-CoA, de NADPH et
d'a-glycérophosphate (27). La formation de malonyl-
CoA est, nous Favons vu, activée par le citrate. Le
NADPH se forme soit par l'action de la déshydrogénase
cytoplasmique de I'isocitrate, soit peut-éire par I'action de
Fenzyme malique. Le pyruvate formé par laction de
I'enzyme malique (tout comme celui qui se forme i
partir du phosphoénui-pyrqucc, cest-i-dire de loxalo-
acétate) & partir du malate, Jdont la conceniration est
augmentée, st aussitot transformé en lactate, Ld encore
Pélévation du raprort luctate/pyruvate, Cest-d-dire le
caractése réducteur du cytoplasme, facilite la biosynthése
des acides gras (4).
de la concentration de Pu-glycéro-

L’augmentation
Toutes les conditions sont

phosphntc a €té observée.

de citrate, active, nous 'mvons dit, le cydc de Krebs.done réunies pour stimuler la lipngén&sc (29).
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. 5. -—— Le rapport gl_ut‘unatc/'u-cétoglut.lrate n'est pas
significativemment modifié. La concentration de 'oxalo-
acétate est augmentde. Dans le méme temps que l'oxalo-
acétate apparait comme un substrat de la néoglucogé-
nése, il peut, par la réaction de transamindtion

0OAA 4 GLU — oKG -+ ASP,

réaliser la formation d'aspartate, dont l'intervention est
nécessaire 4 la formation, & partir de la citrulline, de
l'arginosuccinate, précurscur de l'urée (10). L'augmen-
tation de la concentration de l'usée du foie en est la
conséquence : il en résulte une ¢lévation de l'urémie.
On constate parallélement, dans le cas de linjeciion

i N

RESUME

Des rats méles Wistar de 130 g environ, 4 Jeun depuis
18 heures, recolvent une certaine dose de citrate (soit 1 g/kg
par Injection ip. solt 8 g kg per os). 1ls scnt sacrifiés en
méme temps que les témoins, soit 30 mmutes aprés l'injection,
£0it 1 et 2 heures aprés l'ingestion.

On détermine dans leur foie, par analyse enzymatigue, la
concentration de divers subtrats et cofacteurs,

Ya concentration des compceés sulvants s'éléeve sous leffet
des trattements @ lactate, dihvdroxyacétone-phosphate, oxalo-
acétate, malate, a-glycérophaspiiate et acétcacélate, urée, Celle
du S-hydroxybutyrate s'abalsse. Iles concentration en NAD,
* NADP, pyruvate et a-cétoglutarnte ne sont pas modifiees. la
concentration du NADH s'abnisse et celle du glulamate s'éléve
aprés l'injection, mals non aprés ingestion.

La discussion de ces variations, la cowparsison aveec d'autres
expériences effectuées avec dlvers composes, enfin la considéra-
tion des rapports des concentrations, montrent gue le citrate
augmente )'actlvité du cycle de Krebs, a un edet anticétogeéni-

que et Inhibe la giycolyse. II parait capablie de stimuler 1.

néoglucogénase, la lipogendse et luréogénise.

W

N RESUMEN .

Unos machos de Rata Wistar de aproximadamente 130 g,
en ayunas desde 18 horas, reciben clerta dosls de citrato
(ses 3 g/kg por inyecclén Intraperitoneal, sea § g/kg per 0s).
Se les sacrifica &l mismo tiempo que los controles, sea 30 mi-
nutos después de la Inyecclon, sea 1 y 2 horas después de la
ingestién,

Es+determinada en su higado, por anillsis enzimdtica, Ia
concentracién de diversus substiratos y coractores.

La concentracitm de los compuesics sizulentes se eleva bajo
¢l efecto de los tratamlentos lactato, dibidroxincetona-
fosfato,  oxalocetato, malato. a-gilcerofusiuto y acetoacetato,
ures, La del S-hidrox] butarato se aba)a. l.as concentraciones
en NAD, NADP, piruvato y «-cetoglutarato no estin modifi-
cadas. La concentraclén del NADH se rebala y Is del glutamato
se eleva después de inyeccidén, pero no despues de ingestién,

La discusion de estas varlacionts, la comparaclin con otros
experimentos efectuados con diversos compusstos, y por fin
ta consideracidn de las relaclones de¢ las concentraciones,
muestran que el citrato aumenta la actlvided del ciclo de
Krebs, surte efecto anticetogdnico e inhive 1n glicolisis, Parece
capaz de estimular Ia necgluccgénests, la lipogénesls y Ia
ureogénesls, . . S
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intrapéritonéale, une eéplétion de la vessie, indice d'unc

polyurie,

En conclusion, les variations des concentrations des
cofacteurs et dzs substrats, aprés administration per us
du mélange citrate, ont les conséquences suivantes :
accroissement de Pactivité du cycle de Krebs, effet anti-
cétogénique et inhibition de la glycolyse ; il y a aussi
stimulation de la néoglucogénise, de la lipogénése et de
Vuréogénése. .

Le citrate aurait donc un effet dans différentes condi-
tions physiopathologiques surtout lorsqu'il y a produc-
tion de corps. cétoniques (13) ¢ régimes hypoglucidiques,
hypergras, hyperprotéiques, cffort musculaize violent,
anesthésie, diabéte sucré et cétoses.

SUMMARY

Tne authors administered citrate to male Wistar Rats of
roughly 130 g. fasting for 18 hours, either 1 g/kg by intraperi-
toneal injection or 3 g/kg by mouth, They were sacrificed at
the same time as controls, lLe. 20 minutes after injection or
1 or 2 hours after oral administration.

The concentratior of various substrates and cofactors was
determined in the liver by enzyme analysis.

The concentration of the following substances .rose as a
result of treatment lactate, dihydroxyazetone phosphate,
cxalocetate, malate, alpha-glycerophcsphate, acetcacelate and
urea, The concentration of beta-hydroxybutyrate fell. NAD,
NADP, pyruvate, and alphaketoglutarate remalned unchanged,
NADH fell and glutamate rose after injection but not after oral
ingestion.

These varlations are discussed and compared with other
experiments carried out with various compounds. Finrlly exami-
nation of the concentration ratlos shows that citrate accelerates
Krebs' cycle, has an antiketogenlc eftect and inhibits glycolysts,
It seems to be able to stlmuiate ncoglucogenesls, lipozenesis
and ureogenesis.

ZUSAMMENFASSUNG

Selt 18 Stunden nlichterne Wistar-Rattenminunchen von etwa
130 g erhalten eine bestimmte Zitratdosis (entweder 1 g/kg
per injecttonem 1.p. oder 5 g kg per cs). Sle werden entweder
30 Minuten nach der Injektion oder 1 und 2 Stunden nach der
Ingestion zugleich mit den Kontrolitieren geopfert.

Man bestimmt In threr Leber durch Enzymanalyse dle
Kounzentration verschiedener Substrate und Kofaktoren.

Die Konzentration folgender Verbindungen steigt unter dem
Einfluss der Behandlungen: Laktal, Dihydroxyazetonphosphat,
Oxnlocetat, Malat, a-Glyzerophosphat und Azetoazetat, Harn-
stoff. Die des B-Hydroxybutyrates sinkt. Die NAD-, NADP-,
Pyruvat- und a-Cetoglutarntkonzentrationen #indern sich nicht,
Die NADH-Konzentration sinkt und dle Glutamatkonzentration
stelgt nacht der Injektion, aber nicht nach der Ingestion.

Dle Epdrterung dieser Vartationen, der Vergleich mit anderen,
an verschiedenen Verbindungen uangesteliten Versuchen und
schliesslich die Betrachtuny der Besichungen der Konzentra-
tlonen zeigen, duass das Ziumt die Aktivitit des Xrebszyklus
erhoht, elnen anticetogencen Einfluss hat und die Glykolyse
hemmt, Es sehelnt dle Neoglukcpenese, dle Lipogenese und dle
Urogenese anregein ru kounel,
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THE EFFECT OF CITRIC ACID ON THE TERATOGENIC
ACTION OF TRYPAN BLUE
Allan R. Beaudoin
Department of Anatomy, The University of Michigan
Ann Arbor, Michigan

(Received 5 Februaxjy 1968; in final form 8 April 1968)

Trypan blue hag been shown to be teratogenic when injected into
the subgerminal cavity or yolk sac of the developing chicken egg
(1,2,3,4). The most common abnormality observed after such treat—
ment is rumplessness., The mechanism of action of this dye is not
known, although, it has been proposed that it acts primarily on

-

the mesoderm (3,4),

Landauer has obtained evidence which shows that certain te-
ratogens are active during chick development by interfering with
metabolic processes, He has demonstrated that the teratogenic
effects of some compounds can be.prevented, or lesvened, by
supplying the embryos with compounds that play a role in metabo-
lism (5).

The present study was undertaken to determine if a metabolic
compound could modify the teratogenic effects of trypan blue in
the chicken egg. Citric acid was selected for testing because of
its effectiveness in preventing induced rumplessness.,

Materials and Methods

Fertile eggs of the White Leghorn chicken were obtained from

1Supported by Public Health Service Grant HD 00400 from the
National Institute of Child lealth and Human Development
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three different commercial sources. The eggs were injected into
the yolk sac at 36 hours incubation: Hamburger-Hamilton stages
9-11 (6). Trypan blue? was prepared as a 0,1% saline solution and
O0.1ml was injected. This dose has been shown to be teratogenic in
the developing hen’s e2gg (7). Citric acid’ was prepared in saline
s0 that the injected volume of 0.1lml contained 25 mg of.citric
acid. Twenty-five milligrams of citric acid has been used succesi-
fully by Landauer in preventing insulin induced rumplessness (8),
Citric acid was injected first followsd immediately by trypan blue,
Control eggs were either injected with saline or incubated without
injection. The embryos were recovered on the 10th day of incuba-
tion, fixed, weighed and examined for gross malformations,
Results

Table 1 summarizes the results of this experiment, It is
evident that when citric stid is injected in conjunction with
trypan blue there can be a marked reduction in the teratogenic
effects of the dye., In the eggs from flocks one and two there was
a reduction in mortality from 41% to 27% and from 56% to 30% re-
spectively, The incidence of malformations was reduced by more
than one-half in treated eggs from each flock, Statistical ana-
lysis by the chi-square metliod revealed these reductions to be
significant ( see table for P values). Identieal experiments with
eggs of the third flock resulted in an increase in mortality and
did not reduce the numbers malformed to a gignificant degree,

Discussion and Conclusions

The results of this experiment show that it is possible to

2
“Matheson, Coleman & Bell Co. Norwood, Ohio

5Hutritiona1 Biochemicals Corp,, Cleveland, Ohio
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TABLE 1
The Effect of Citric Acid and Trypan Blue on Chick Development
when Injected into Eggs of Three Different Flocis at the

36th Hour of Incubation1

Total Peréentage Percentage Percentage
treated mortality malformed all eggs
survivors affected
Flock 1
Untreated controls 231 5.6 2.3 748
Saline controls 135 17.0 5.4 21.4
Citric acid 182 17.0 1.3 18.1
Trypan blue 226 41,2 : 30.3 58,8
Trypan blue & 462 273 5 10,1 34.6
Citric acid (P= 0,001) (P= 0.001) (p= 0,001)
Flock 2 -
Untreated controls 134 11.9 3.4 14.9
Saline controls 141 12.0 2.4 14,2
Citric acid 77 5.2 1.4 6.5
Trypan blue 94 56.5 56.2 71.2
Trypan blue & 153 29.8 19.3 43,5
Citric acic (P= 0,001) (P= 0.001) (P= 0.001)
Flock 3
Untreated controls 117 2,6 0,8 3.4
Saline controls 121 11.5 1.9 13,2
Citric acig 91 8.8 6.0 14.3
Trypan blue 156 49.4 45.6 7244
Trypan blue & 134 61.9 31.4 73.9
Citric acid (P= 0.10)

1Dosage: 0.lmg trypan blue; 25mg citric acid.,
Probability determined by chi-square method,
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interfere with the teratogenic action of trypan blue in the chick-
en egg by simultaneous treatment with citric acid. Landauer has
shown conclusively that supplementation with certain chemicals of
metabolic impcrtance to the chick embryo can protect against the
action of certain teratogens. The effectiveness of this protection
varies with the teratogenic agent, the supplemental agent and the
embryonic period (5). One of the agents Landauer found most effec-
tive in preventing insulin induced sumplessness was pyruvic acid,
I have used pyruvic acid in combination with trypan blue in 104
eggs of flock two, but no protection was afforded the embryos of
these eggs. Citric acid is an effective protecting agent in eggs
of the same flock., The action of trypan blue is apparently re-
stricted to the first 96 hours of chick development with a peak
in activity at 36 hours (7). It has been shown that the peal in
the incidence of rumplessﬂ%ss induced by insulin follows treat-
ment at 31 hours of development and that pyruvic acid and citrie
acid are effective ac protective agents if given within 3 hours
of the injection of insulin (8,9). Thus there is similarity in
both embryonic period and type of malformation produced between
eggs treated with insulin and.eggs treated with trypan blue,
Further experiments will be necegsary to determine the nature of
the interaction between trypan blue and citric acid., It is possible
that some inactivation of the trypan blue molecule takes place at
the injection site, e.g., due to the formation of a complex between
dye and acid, or due to a loeal change in pH.

The use of eggs from three different flocks of White Leghorn
chickens points up the importance of genetic variation in terato-
genesis. In the present experiment protection against the embryo-

toxic and teratogenic effects of trypan blue by citric acid was

0174



174

Vol. 7, No. 11 EFFECT OF CITRATE 639

most marked in eggs from two of the three flocks, In the third
flock the protection was lacking, in fact, there was a gynergistic
action in the lethal effect., All factors of treatment and incuba-
tion were the same for each flock, the only apparent difference
is genetic. Landauer (10) has shown significant differences in
response to the teratogenic effects of boric acid by the eggs of
different mothers within the same flock. Also suggestive of ge~
netic variation among the flocks was the observation that mal-
formed embryos from flock 2 had, in addition to rumplessness,
many more types of defects than embryos from either flock 1 or 3.
In the latter two flocks rumplessness was most often the only
defect exhibited by the embryo,

Landauer and Rhoades (8) have proposed that insulin induced
rumplessnéss is due to a disruption in carbohydrate metabolism.,
It is too early to postulate the same for trypan blue induced
rumplessness although the results of this first series of experi-
ments would be in agreement with such a postulate,
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STUDIES ON THE ABSORPTION OF CITRIC ACID IN THE
GASTROINTESTINAL TRACT OF SUCKLING RATS

U. Behnke, H.A. Ketz and K. Taufel%*

‘As a contribution to the question of acidulated milk food for human babies,
studies were set up on the behavior of citric acid in the gastro-intestinal tract
of rat sucklings. When giving 400 mg. of citric acid per kilogram of body weight,
marked differences occur from adult rats. The acid transport from the stomach
to the small intestine is considerably delayed, and its stay in the small intestine
1s prolonged. The citrate content in the blood of rat sucklings which is normally
twice as high as in adults, increases after peroral administration of the acid
more slowly and to a smaller extent, thus indicating a delayed absorption. The
activities of aconitate hydratase and isocitrate dehydrogenase in the small
intestine mucosa are slightly reduced so that a delayed metabolism of citric
acid may be expected compared with adults. The results are discussed with

respect to the response of human babies to acidulated milk food.

Some time ago, we reported on the location, extent and rate of absorption
of citric acid, and its enzymic conversion in the gastrointestinal tract of adult
rats (1). This study showed that when 64 mg. citric acid is given orally to rats
weighing about 150g (427 mg) kg body weight), almost 25% of the acid is absorbed
by the small intestine within 100 min. and supplied to the liver with portal
vein blood, whereas 657 is metabolize& (mainly through the citric acid cycle)
during the course of absorption in the mucosa. As a continuation of these
studies, we have examined the course of citric acid absorption in suckling rats.
This study was prompted by the renewed very lively discussion during the past

few years on the pros and cons of acidulated milk feeding of human infants.

Droese et al. (2-8) studied, during the first 3 months of life, especially
the behavior of infants fed milk mixtures with or without the addition of lactic
acid. From the results, it was concluded that an increased supply of organic

acids or acid valencies exceeds the functional capacity of the liver and kidneys

* We wish to thank Miss Ch. Fritz, Miss R. Urbat and Mrs. H. Kohler for their

conscientious experimental collaboration.
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in some of the infants (1/4 to 1/3 of the examined test subjects); this leads
to a metabolic acidosis with a lowering of the alkali reserve and an increase
of chlorine and residual nitrogen in the blood. The absorption and retention
of nitrogen are not improved, but even frequently show a change for the worse.
These findings are particularly strongly expressed with 4/5 mixtures rich in
milk. After addition of citric acid to 1/2 and 2/3 milk mixtures (1 citrette =
0.38 g citric acid per 100 ml whole milk), the authors found a slight increase
in the amount of organic acids present in urine, and further a definite decrease
of citric acid and ketonebodies. Whether the latter findings constitute an ad-
vantage or a drawback for a healthy infant is still a matter which must be
clarified, although Droese and Stolley (6, 8) report that citric acid causes a
slight deterioration, particularly in young infants, of the fat and base utili-
zation and leads to an increased spitting and vomiting and thin stools.

In contrast to these findings by Droese are data reported by Donath (12),
according to which thousands of infants fed acidulated milk thrived quite well.
According to results obtained by Zeisel et al. (9, 10), milk diets acidulated
with citric acid do not cause in 1-6 month-old infants, any significant changes
in different metabolic data, such as citrate content, pH value, CO2 partial
pressure, and standard bicarbonate in blood. Simon et al. (11) point out that
additions of acid to milk preparations constitute a safety factor with regard to
a possible nitrate reduction caused by microbes. It is worth mentioning that,
according to results obtained by Baumgartner and Ketz (13), young albino rats fed
a diet containing added citric and lactic acid exhibit a significantly greater
increase in body weight than control animals. 1f we compare the amounts of
citric acid supplied with drinking amounts equal to 1/6 of the body weight, then
we obtain the values listed in Table 1; this amount is divided into 5 meals
(feeding periods) per day. According to Table 1, the infants receive, when fed
2/3 cow's milk, 2.7 times as much, when fed Citrosan, 6.2 times as much, and
when fed citrettes + 2/3 cow's milk, 7 times as much citric acid as compared to
infants fed on mother's milk. The citric acid content of rat milk is equal to
200 mg/500 g milk. Therefore, a suckling rat of 10 g body weight, when drinking
an amount of 2.3 g milk per 24 hours, takes up about 92 mg citric acid/day/kg
body weight. This value is of the same order 6f magnitude as that of the human

infant (compare Table 1).
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Table 1. Citric Acid Content of Different Infant Milk Diets.

Type of Milk Citric Acid3, ng Citric Acid Supply
(Intake), in mg/day/kg
Body Weight

Women's Milk 500 83
2/3 Cow's Milk 1334 222
Citrosanl 3076 510
Citrettes + 2/3 Cow's Milk? 3446 575

1 VEB Condensed Milk Factory Stendal and Genthin; 100 ml milk diet contain 15 g
Citrosan powder.

2 Chemical Works Joh. A. Benckiser GmbH, Ludwigshafen/Rhein; 1 citrette per each
100 ml whole milk.

3 Personal studies.

The purpose of our studies is to provide a further contribution, in view of
the discrepancies reported in the literature, as to whether there are any differ-
ences in the metabolism and absorption of orally administered citric acid, using

suckling rats as a model, in comparison to previously tested adult rats.

‘Methods
Studies were carried out on 10-day old Wistar rats, weighing about 10 g, of

both sexes (Rehbrucke breeding strain), which were weaned from their mothers 2

hours before the start of tests.

Determinations of the Extent and Rate of Absorption of Citric Acid

In the citric acid loading tests, the animals received 4.0 mg citric acid in
0.1 ml physiological saline by gastric intubation; this dose is equal to 400 mg/
kg BW and thus is somewhat lower than the daily supply (intake) of a human infant
fed a milk diet containing citric acid (Table 1). The entire amount is given at
once in a single dose, in order that the results of measurements should lie be-
yond (outside) the biological variation and can be compared with our earlier re-
sults obtained with adult rats (1).

4-29 animals are killed by decapitation (control animals immediately, and

animals suhject to a citric acid load 30, 60, 90, 120, 150 and 180 minutes after
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acid administration); to the collected blood, heparin is added as usual to

prevent coagulation, From the extracted gastrointestinal tract, the stomach, small
intestine (including the cecum) and colon are separately weighed, and for inves-
tigation (in view of the partially very small citric acid content) 4-6 organs
(sometimes more) are combined and placed in 5 ml of a 20% trichloroacetic acid
solution; to 5 ml blood, 5 ml trichloroacetic acid is also added. Further
pretreatment and the determination of citric acid are carried out as described
previously (1). Urine is collected by puncture from the more or less full

bladder; the citrate content is determined in collective samples taken from

about 15 animals, and the pH is measured with a microglass electrode in indi-

vidual or collective samples.
Activities of Aconitate Hydratase (EC 4:.2.1.3) and Isocitrate Dehydrogenase

(EC 1.1.1.42) in the Small Intestine Mucosa

Fxtraction of the small intestine mucosa and determination of the enzyme
activities was done as described in our previous report (1); the protein content

of the enzyme solutions is determined according to Folin-Ciocalteu (14).

Results
Absorption and Metabolism of Citric Acid in the Gastrointestinal Tract

The weights of the stomach, small intestine and colon (with their contents),
and the citric acid content of these organs and in the blood and urine of suckling
rats not subject to a citric acid load are given in Table 2. Formulas (1) and
(2) are used for statistical evaluation; when the amount of citric acid present

is very small, several organs are combined into one sample, and formulas (2) are

then used.
- 2
X -
R | £x s * 100
_ i .
= <+ ) . X = N H v [4] = —_ (1)
s=Z N - 1 ’ x
. 2
/y 2%, iy sz,x s + 100
R N N - _ i1 . vl _
s = _"_'_1. N - 1 s xg = N H v [/o] = _}_{_ (2)
g

where s = standard deviation; Xx; = single value; N = number of single values;
x = arithmetic mean; 2z, = number of animls for one sample; ';é = weighed arith-

metic mean; v = variability coefficient.




rable 2, Weight and Citric Acid Content of Differ...c Organs and Body Fluids of Suckling Rats.

Weight Citric Acid
Organ
Aoimis X 8 v No.of No.of No.of ¥ s v X s v
e [gl] [g] [%] Animals Samples Animals [ug/g lug/g (21 [ve/ - (%l
¢ ®) for one Tissuel] Tissue] Animal] Animal
Sample
(z1)
Stomach 108 0,382 +0,207 +54,2 108 8 6-29 43,8 +16,8  +38,3 15,0 42,8  +18,7
Small 108 0,481 +0,087 +18,1 108 8 6-29 55,1 + 8,6  +15,6 26,0 +3,9  +15,0
intestine
Colon 66 0,096 +0,025 +26,0 66 3 18-29 67,8 +4,6 +6,8 6,46 +1,50 +23,2
Blood 41 About 0,3 g/animal 41 5 7- 9 55,0 + 1,7 + 3,1 - - -
Urine 42 About 0.07 ml/animal 42 3 13-15 24,41 +1,61  +6,6 - - -
1
ug/ml

G810
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Listed in Table 3 are those amounts of citric acid ("surplus value") which
are obtained, after oral administration of 4000 micrograms, in the digestive
organs of one animal after subtracting values of animals not subjected to a citric
acid load (Table 2). The still rudimentary cecum was included in the small intes-
tine. For methodical reasons, a determination of citric acid in the portalvein
blood of suckling rats was not carried out, thus eliminating the possibility of
differentiating between absorbed citric acid and citric acid metabolized in the
mucosa. ' ‘

In some cases the pH value and citric acid content of urine were determined.
No differences could be detected in tests without and with citric acid loading
(30 min); in both cases, the pH values lie between 5.1 and 6.8 (30 samples) and
the citrate content between 22 and 30 ug/ml (3 samples).

Activity of Aconitate Hydratase and Isocitrate Dehydrogenase of the Small

Intestine Mucosa

The determined specific activities are listed in Table 4. Values in the
cecun and colon could not be determined since the amount of mucosa was too small;
for comparison purposes, the corresponding findings on adult rats (1) are given
in Table 4.

Discussion

If we compare the results obtained with suckling and adult rats (1), similar
relations can be seen from a qualitative standpoint. During a test period of
3 hours following oral loading, citric acid is continuously removed from the
stomach; it is absorbed in the small intestine and metabolized by aconitate
hydratase and isocitrate dehydrogenase present in the mucosa, and thus does not
reach the colon. The citrate content of the blood undergoes a temporary increase
during absorption.

On the other hand, quantitative relations are clearly different in the two
rat age groups tested. A balance of the distribution of citric acid during the
absorption time period investigated in suckling rats and adult animals is shown
in Figure 1. It is apparent that in suckling rats the readiness (tendency) to
undergo metabolism and absorption during the first 90 minutes is very low; in
contrast, in adult animals, about 85% of the administered citric acid has been

absorbed or metabolized during the same time period. After these initial 90



Table 3. Surplus Value of Citric Acid in the Stomach, Small Intestine, Colon and Blood of Suckling Rats
After Oral Administration of 4000 Micrograms Citric Acid.

Organ Absorption Time
0 30 60 90 . 120 150 . 180
Stomach
No. of Animals (N) - 61 76 30 49 30 30
No. of Samples (P) - 12 14 5 6 5 5
No. of Animals for One Sample (zi) - 4-6 5-6 6 6-19 6 6
(;—g [pg/animal] 4000 3077 2559 2000 1111 546 580
Surplus value of 7 s [ug/animal] - +358 +513 +508 +116 +185 + 31
citric acid Lv 2] - +12  +20 +25  +10 + 34 + 5
Small Intestine
No. of Animals (N) - 56 76 30 49 30 30
No. of Samples (P) - 11 14 5 _ 6 5 5
No. of Animals for One Sample (zy) - 4-6 5-6 6 6-19 6 6
;é [ug/animal] 0 852 1169 1768 911 1148 242
Surplus value of s [ug/animal] - +278 +164 +280 +169 +109 +129
citric acid v [%] - +3  +14  +16 +18 410 + 53

G8T0



Table 3. Surplus Value of Citric Acid in the Stomach, small Intestine, Colon and Blood of Suckling Rats
After Oral Administration of 4000 Micrograms Citric Acid (Cont'd)

Absorption Time

Organ 0 30 60 90 120 150 180
Colon
No. of Animals (N) - 30 30 60 30 30 30
No. of Samples (P) - 5 5 10 5 5 5
No. of Animals for Ome Sample (zj) - 6 6 6 6 6 6
SEg [ug/animal] 0 -2.1 1.4 ~-2.4 -0.6 2.1 -1.8
Surplus value of s [pg/animal] - +0.6 +2.3 +0.9 +0.4 +3.0 +0.5
citric acid Lv [%]) - +29 +164 +38 +67 +143 +28
Blood .
No. of Animals (N) - 64 76 30 30 30 30
No. of Samples (P) - 10 11 5 5 5 5
No. of Animals for One Sample (z4) - 4-8 6-8 6 6 6 6
{'Eg [ug/g] 0 4.3 10.9 2.3 25.0 0.4 -2.2
Surplus value of s [ug/sl - +7.2 +11.8 +4.2 +20.2 +2.1 +6.2
citric acid T&V (%] - 4168 +108  +183 +81 +552 +282

G810
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Table 4. Aconitate Hydratase and Isocitrate Dehydrogenase in the Small Intestine
Mucosa of Rats

Suckling Rats Adult Rats
No. of Animals (N) 145
No. of Samples (P) 6
No. of Animals for One Sample (zj) 17-30 4-5
Amount of Mucosa per Rat §é [g] 0.106 2.62
s [gl + 0.050 + 0.22
v [%] +47.2 + 8.4
Protein per 1 g Mucosa Eé [mg] 67.2 43,3
s [mg] +15.8 + 3.5
Specific Activityl
Aconitate Hydratase Eé 0.010 0.020
8 + 0.004 -+ 0.007
v [%] +40.0 © 435.0
Isocitrate Dehydrogenase'§g 0.0682 0.094
+ 0.010 + 0.009
v [%] +14.7 + 9.6

1 - Specific activity = micromoles of substrate metabolized per min and per mg of
protein at 20°C.

2 -N=098; P=4; z; = 17-30.
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minutes, which in suckling rats can be considered as a "lag" or adaptation
period, the acid undergoes the above conversions in suckling rats at almost

the same rate as was already noted at the beginning of the test in adult rats.
In the infant animals, the rate at which citric acid leaves the stomach is
considerably reduced; the residual percentage fraction of the administered acid
is accordingly clearly increased (greater) in the stomach during the entire

absorption period investigated.

Metabolized & Absorbed

3 ]
i 100 : 100
g TR
Small | 3

U o} | 4 20} \ \ s
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o kN
o S
O 6o <4 60 % b
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8 40 ™

L 4 4o} . -
) 40 L ]
o ~r
w R
= 20l bsorbed
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b Stomach NN )
< - . ' . 0 — = =3 Small Intestine
[TH] 0 40 #0 120 160 min 0 40 40 120 160min
o
e

Suckling Rats Adult Rats

Figure 1. Distribution of Citric Acid in the Digestive Tract After Oral
Administration of Citric Acid to Suckling Rats (4 mg/animal = 400 mg/
kg BW = 100%) and Adult Rats (64 mg/animal = 427 mg/kg BW = 100%).

The selected citric acid loading was about the same for suckling rats (400 mg/
kg BW) and adult animals (427 mg/kg BW). One must consider, however, that the
percentage share, based on the body weight, of digestive organs is quite different

in both age groups of rats (Table 5).

Table 5. Proportion (share) of Stomach, Small Intestine and Colon, Based on
Total Body Weight, in Suckling and Adult Rats.

Suckling Rats (10 g) Adult Rats (150 g)
Qrgan {g] % of body wt (XKG) gl % of body wt (KG)
Stomach 0.382 3.82 1.87 1.25
Small Intestine 0.481 4,81 5.74 3.82

Colon 0.0096 0.96 1.64 1.08
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If the amount of citric acid administered is related to the weight of the
stomach, then we obtain a citric acid loading of 10.5 mg acid per gram stomach
for suckling rats, while the corresponding figure for adult rats is 34.9 mg/g
stomach, i.e. it is 3.3 times greater, Figure 2 shows the absorption behavior
of citric acid according to this computation basis. The considerably greater

rate of decrease of this acid in the stomach of adult rats is particularly

clearly expressed.

L >

"7 ngng
300001 Stomach 30001 Smal I?testine
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Figure 2, Citric Acid Content of Stomach, Small Intestine, Colon (Each with Its
Own Contents) and Blood After Oral Administration of Citric Acid to

Suckling and Adult Rats.,

x ——-X Suckling Rats 0———o0  Adult Rats

The increase in citric acid in the small intestine is at first of about the
same order of magnitude in both groups; however, the citrate contents of adult
rats tend to return to the original values at a considerably faster rate. In the
colon, a certain increase of citric acid values could not be detected in both groups.
The apparently higher values noted in suckling rats after 60, 120 and 150 minutes

must be attributed to the accidental, particularly low weights of the colons of the
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animals (compare Table 3). The citrate content of blood in suckling rats not
exposed to a citric acid load is about 2 times as high as in adult rats, 1In
the latter, however, a sharp peak is noted during the first third of the test
period, but after 80-100 minutes (end of the skin absorption phase) the citrate
values drop down again to their initial value. On the other hand, in suckling
rats (except for fluctuations, which are always greater in this group than in
adult animals), only a flat peak extending over the entire test period can be
observed; the slightly protruding peak noted after 120 minutes in this case
has its counterpart in the corresponding minimum in the small intestine, and must
be considered as an extreme example of the biological variation. Apparently, the
suckling rats originating from 4 litters, examined on omne day and belonging to
the groups tested 120 minutes after being subjected to a citric acid load, ex-
hibit a particularly good (high) absorption capacity.

The very small amounts of acid absorbed and metabolized during the first
90 minutes in suckling rats (Figure 1) can be explained, in part, by the reduced
(although not to a great extent) activities of aconitate hydratase and isocitrate
dehydrogenase (Table 4). At the same time, a considerable lag in the absorption
is also noted, as can be seen from the increased citrate values in the small
intestine and in the only slowly increasing values of blood citrate.

The observations of Droese et al. (2~8) on the partially poor tolerance of
citric acid in very young human infants are supported to a certain extent by
our results obtained with suckling rats. The metabolism and absorption of citric
acid administered orally to these suckling rats is clearly lower than in adult
animals; this fact cannot be considered as a load (strain) on the metabolism in
the digestive tract, which is not yet capable of functioning at a fully normal
rate, but rather as a strain (load) on the blood and other organs of the inter-
mediate metabolism, since apparently absorption is clearly slowed down., The
conditions selected by us in our animal tests, namely a single administration of
the daily dose without additional food, are quite extreme and unilateral as
compared to those of human infants in which the daily dose is subdivided into
5 meals (feeding periods) with a milk diet. Although conclusions applicable to
the human infant can be drawn from our results with definite caution and reser-
vations, these results still provide valuable criteria for key problems that have

to de clarified in regard to an acidulated infant diet.
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Untersuchungen zur Resorption von Zitronensiiure
im Magen-Darm-Kanal von Rattensiiuglingen

U Benskr H-N Koz und IS TRree!
(Fmgegangen anm 11,12, 1965

Zusammenfassung

As Buitrag zuom Fitr und Wider ciner gesduerten Milchnahrung bei menschlichen
Siughngen werden Untersuchungen iitber das Verhalten der Zitronensiure im
Magen-Darm-Trakt von Rattensiuglingen beschrichen, Bei einer Belastung mit
400 myg Zitronensidure 1 kg Korpergewicht treten gegeniiber erwachsenen Ratten
Unterschiede ant Der Sduretransport vom Magen i den Diinndarm ist betricht-
lich verlangsam . die Verwetldaner im Dianndarm verlingert. Der von Natur aus
beim Ratton=iughing ctwa doppelt so hohe Zitratgehalt im Blut gegeniiber erwach-
senen Lierens steigt nach perorader Zufubr der Séure deatlich langsamer und
germger an. was aul verzogerte Resorption schlicBen KBt Die Aktivitaten der
Akomtat-hvdratase und Tsozitrat-dehvdrogenase in der Diinndarmmukosa sind
bei den Trersduclineen lacht ernicdrigt, so dald gegeniiber erwachsenen Tieren
mit cinem verzogerten nietaholischen msatz der Zitronensiure zu rechnen ist.
e Eruebnisse werden i Hinblick aul das Verhalten des menschlichen Séauglings
gegeniber cosanerter Milchnahrune diskuatiert.

Vor ciniger Zeit berichteten wir diber Ort, Umfang und Geschwindigkeit
der Resorption von Zitronensiiure sowie iiber ihre enzvmatische Umsctzung
i Magen-Darm-Trakt erwachsener Ratten 1. Danach werden 64 mg per-
oral an vtwa 130w ~chwere Tiere verabiolgte Zitronensinre 427 myg kg
Kivperzewicht (K6, dnmerhialb von 1oo min im Ditnndarm zu fast 239,
resorbiert und mit Jdem Portadvenonblot der Leber zugefithrt, wihrend ctwa
O35 b Viorlot der Resarption m der Mukosa der Metabohisicrung — im
wesenthichen uber den Zitronensionrezyvklus nnterliceen. In Fortsetzung
dicser Untersnchunzon haben wir den Resorptionsverlauf der Zitronensiure
Dot Ratten<inclineon verfolet, Verunlassnng hicrzu war die in den Ietzten
Jihiren <ol vese wicderindzearittene: Diskussion um das Fiir nnd Wider
ciner cosianerten Milchnalirnne tir men~chliche Ninghinge.

Vb venese nthia e o sperinentetle Matarben danken wir Frivnlein Co, Frivz, Fritulem
Ko Ukt aned Bron o Weoang i
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Zilrnnvnsiiun-«l\’vwrlltiun ber Rattensanglingen

s
s

Diroest et al 2 - 8 untersuchien i crsten T omenon m=be~andere das Vierbalten
van Sauglingen, die mit Midehmischunwen ohne bew, it Ml h~iturezusatz crnahrt
warden. Aus den Ergebnissen wurde cetoluert, dald - crhiabiie Angebaot an org -
nischen Siuren bzaw. sauren Valenzen ber cinemn Teil der Sauglinge (0 0V Cder unter-
suchten Probanden)y die Leistunesfithiohoit von Leber nd Nieren aherstengt s dies
fuhrt zu metabolscher Azidose mit Erviedricune der NTRadivesery e und zur Frhohung
von Chlor und Reststickstotf i B Kesarption und Retention von stic kstof
werden nicht verbessert, sondern hinfiv ~owar verschlechitert Drese Betunde sind
bei milchreichen ! -Mischungen besonders arscepragt. Nach Zitronen<iurezusats zur
Ve und s-Milchmischung (1 Citrette AN g Zitronensanre ant toomi Vollimilch,
finden die Autoren i Harn cine ceringe Zunahine an oreanischen Sinren, ferner vine
deutliche Abnahme der Zitronensdure und der Ketonkarper. Ob dic zuletzt genannten
Befunde tire den gesunden Sanghing vor- oder nachteilig <ind, ~teht noch dahin, doch

geben Droese und Storiiy o 0 s an, dald die Zitronensitnre nshosondere b jungen
Sdughngen die Fett- und Basenansnutzang leicht erschle htert und zum vermehrien
Spucken und Erbrechen sowie zu dinnen Stiihlen fnhrt.,

Diesen Betunden von Droesi. stehen Angaben von Doxain 12 gegeniiber, wonadh
Tansende von Sdvglingen mit angesauerter Milch gut gettichen, Nach Frochnissen
VON ZE¥SEL et al. y, 1o, rufen mit Zitronens<iure gesauerte Milchnahrungen bei
1—6 Monate alten Siduglinegen ~signifikante Snderungen bt verschiedenen  Stoff-
wechseldaten (Zitratgehalt, pHAVert, COu-Partinldruck uned Standard-Bikarbonat nn
BInt) nicht hervor Siuox ot al. 11 weisen daraaf hin, dald Sdurezusiatze zu Mileh-
zubereitungen cinen Sicherheitsfaktor gegenitber einer moglichen, mikrobicell bedingten
Nitratredaktion darstellen. Nicht uncrwihnt se1, dald nach Ergebnissen von Bacy-
GARTNER und KE17 13 mit Zitronen- bzw, Milchsiurezusatz erniibiree tunge Abinno-
ratten gegeniiber Kontrollticren eine signifikant hithere Zunahme des KOG autwiesen.
Vergleicht man die Mengen an Zitronensiure, die hei Irinkmengenvon U des Korper-
gewichtes zugefithrt werden, so ergeben sich die in Taboelle angegebenen Werte

Tabelle 1 Tobbe

Zitronensduregchalt von verschicdenen Siuglings-Milchnahrungen

) ‘C?/) @Zitmm‘nséiurczufnln'

Zitronensidure 13

Milchart mg je 1t Tag und
1 ms. 1 kg KG
qr\ Frauenmilch 300 N3
£ 2/-Kuhmilch 1334 222
Citrosan! 3076 o
@i Citretten - 2/-Kulunilch? 3446 373

P VEDB Dauermilchwerke Stendal und Genthin;  1oo ml Milchmahrung  enthalten
15 g Citrosan-Pulver.

# Chemische Fabrik Joh, A, Benckiser Gmbl, Ludwigshafen Rhein: 1 Citrette je
too ml Vollmilch.

* Eigene Untersuchnngen

dicse Menge ist auf 5 Mahlzeiten am Tag verteilt. Nach Fabelle 1 erhalien also
die Sduplinge bei Ernithrung ot g Nuhmileh chie 27 fache, nut Cittosan dic
6,2fache, mit Citretten e Nalnnileh die 7 0fache Menge an Zitronensinre Qeger -
iiber der Erniithrung mit Muttermileh,  Der Zitronensiureechall yon Rattenmileh
liegt bei 200 mg/son g Milcl, Danach nimmt cin Rattensaugling von 1o 2 NG b
einer Trinkmenge von 2.3 ¢ Mileh 24 Std, ctwa 02 me Zitronensavre jeo 1 Lag nndd
t ke KG o anf. Dieser AWert licgt aleicher GroBenordimung wio benn Vit~ hlichen
Niugling (vl Tab. 1),

4
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Tabelle 2
Gewicht und Zitronensauregehalt verschiedener Organe und Kérperflussigkeiten von Rattensiuglingen
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@ Magen

k

U, Bruskr, H-A Keiz, K TAvreL

{08

darm

Diinn-
Cﬁ} Dick-

9

4181

0,481 ! +0,087

426,0
—(
3!

<

+0,025 ¢

0,006 1 +
Cetwa o,3 gi Tier

| etwa 0,07 ml/Tier,_.

darm 66
41
42

Blut

)

6
CZ) Harn

Ziel unserer Untersuchungen ist es,
im Hinblick auf die im Schrifttum
zutage tretenden Diskrepanzen wei-
tere Beitriige zu licfern, ob wihrend
Umsatz und Resorption von per-
oral verabfolgter Zitronensdure bei
als Modell herangezogenen Ratten-
siuglingen Unterschiede gegeniber
den frither getesteten erwachsenen
Ratten bestehen.,

Methodik

Die Untersuchungen wurden an 10 Tage
alten, etwa 10 g schweren Wistarratten
beiderlei Geschlechts (Zucht Rehbriicke)
durchgefiihrt; sie wurden 2 Std. vor Ver-
suchsbeginn von der Mutter abgesetzt.

Bestimmungen iiber Umfang und Geschwin-
digkeit der Resorption von Zitronensdure

Bei den Zitronensdurebelastungen er-
halten die Tiere 4,0 mg Zitronensaure in
0,1 ml physiologischer Kochsalziosung per
Schlundsonde; das sind 400 mg/t kg KG
undliegt somitetwas unter derTageszufuhr
eines menschlichen Siuglings bei Erndh-
rung mit Zitronensdure-Milchnahrung
(Tab. 1). Die gesamte Menge wird auf
einmal verabfolgt, damit die MeBresultate
auBerhalb der biologischen Schwankungs-
breite liegen und mit unseren fritheren
Ergebnissen an crwachsenen Ratten (1]
vergleichbar sind.

~~ 4—29 Ticre (Kontrolltiere sofort, Tiere

o 'mid

mit Belastung jeweils 30, 61, 90, 120, 150
bzw. 180 min nach der Zitronensdurc-
Applikation) werden durch Dcekapitation
getotet; dem anfgefangenen Blut wird
zur Verhinderung der Gerinnung wie ib-
lich Heparin  zugesetzt.  Vom  heraus-
praparicrten Magen-Darm-Trakt werden
Magen, Dinndarm {cinschlieBlich Blind-
darm) sowie Dickdarm einzeln gewogen,
zur Untersuchung aber — wegendesz. T,
schr geringen  Zitronensduregehaltes —
jeweils 4--6 der Organe (in cinigen Fallen
auch mehr) vereinigt und in 5 ml einer
20°,igen Trichloressigsdure gelegt; 0,5 ml

0182
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Zitronensiure- Resorption bei Rattensduglingen 517

Blut erhalten einen Zusatz von chenfalls 5 ml Trichloressigsdure. Dic¢ weitere Vor-
behandlung sowie die Bestimmung der Zitronensdure erfolgt wic bereits beschrieben

I].
L
Harn wird durch Punktion aus der meist mehr oder weniger gefiillten Harnblase ent-

nommen; man ermittelt den Zitratgehalt in Sammelproben von etwa 135 Tieren, den
pH-Wert in Einzel- oder m Sammelproben mittels ciner Mikro-Glaselektrode.

Aktivitdten von Akonital-hvdratase (1C 3.2.1.3) und [sozitrat-dehydrogenase

(EC 1.1.1.42) tn dey Ihinndarm-Mukosa .

Gewinnung der Diitnndarm-Mukosa und Bestimmung der Fermentaktivitaten erfolgten
gemidl unserer fritheren Mitteilung  1; der Proteingehalt der Enzymlosungen wird
pach Forix-CrocaLTer 7 14° ermittelt.

Ergebnisse

Resorption und Umsatz von Zilronensdure im Magen-Darm-Kanal

Die Gewichte von Magen, Dinndarm und Dickdarm (mit Inhalt), die
Zitronensduregehalte dieser Organe sowie die von Blut und Harn unbelaste-
ter Rattensiuglinge sind in Tabelle 2 wiedergegeben.  Zur statistischen
Auswertung dienen die Formeln (1) und (2); bei sehr geringer Menge an
vorliegender Zitronensiure werden mehrere Organe zu 1 Probe vereinigt
und dann die Formeln (2) benutzt.

N ox; s 100
- - .
s = + ; X = v[0)) = —=— 1
A %] = —% (1)
3z x; s+ 100
s = + : pry i M. ; p 0] = — 2
+ e = TN = @

Es bedeuten:

s = Standardabweichung; x; = Einzelwert; N == Anzahl der Einzelwerte! v arith-
metisches Mittel; z; == Anzahl der Ticre fiir 1 Probe; }g = gewogenes anithmetisches
Mittel; v == Variabilitdatskoeffizient

In Tabelle 3 sind diejenigen Mengen an Zitronensiure angegeben, die nach
peroraler Applikation von 4000 ug in den Verdauungsorganen von jeweils
1 Tier nach Abzug der Werte ohne Belastung (Tab. 2) erhalten werden
(,Mchrwert”'). Der noch rudimentdre Blinddarm wurde dem Diinndarm
zugeordnet. Auf cine Bestimmung von Zitronensiiure im Portalvenenblut
der Rattensiuglinge — und damit auf eine Unterscheidung=mioglichkeit
swischen resorbicerter und in der Mukosa umgesetzter Zitronensiure —
wurde aus methodischen Griinden verzichtet.

In einigen Fillen werden pH-Wert und Zitronensiure im Harn ermittelt;
Unterschicde Tassen sich bei den Versuchen ohne und mit Zitronensiure-
belastung (30 min) nicht erkennen: dic pH-Werte liegen jeweils swischen
5.1 und 6,8 (30 Proben) und die Zitratgehalte zwischen 22 und 30 g ml
(3 Proben).
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Talblle 3.

Tabelle 3. Mehrwert an Zitronensiture in Magen, Diinndarm, Dickdarm und Blut von Rattensiduglingen nach
Applikation von 4000 pg Zitronensiure

,,2;_3 t ]_n Figer Firme > Resorptionszeit imin?

Organ — - . e e
3] ; 30 ' 60 00 120 130
~» Magen ! . ;
@ Anzahl der Tiere (V) el - 61 76 30 149 30
{23 \nzahl der Proben (P) bi'{,‘"" 12 14 3 6 5
Cg) Anzaht der Tiere fiir § Probe {5) e i — 1—6 5—6 6 6—10 6
S N J,rg ;/:g/}ljcr; 4000 3077 2559 2000 1111 346
Cf/) Mcehrwert an Zitronensiure s /4g/ll};_r/!' — +338 4513 + 508 +116 =183
17' “oi - + 12 + 20 + 25 + 1o oM
, =~ Diinndarm : \
(& Anzahl der Tiere (N) - 56 76 30 49 ! 30
(&) Anzahl der Proben (P) f — ; 11 14 5 6 5
CBJ Anzahl der Tiere fiir § Probe (z;) — 1—6 5—6 6 6—19 - 6
R *g "1g/Tier] 0 8§52 1169 1768 911 1148
@-\ Mehrwert an Zitronensiiure {s png/Tier] - +278 +164 +280 +169 | +109
¢ %! - + 34 + 14 .+ 16 + 18 =+ 10
—> Dickdarm ‘I
(" Anzahl der Tiere (N) - 30 30 60 30 30
?') Anzahl der Proben (1) — 5 5 10 5 ' 3
(3) Anzahl der Tiere fiir 1 Probe (z) ‘ - 6 6 6 6 6
. xp Tpug/Tier] 0 - 21 1.4 - 24 - 06 2.1
G/) Mchrwert an Zitronensiure {s e/ Tier) — 406 + 23 + 0,9 1+ 04 + 3.0
" %) .- +20 | H164 + 35+ 67 | 145
—> Blut :
@ Anzahl der Tiere (N) : — 64 76 . 30 0 30
(-(’,) Anzabl der Proben (17) | - ' 10 11 ' 5 5 ; 3
(3 Anzahl der Tiere fiir 1 Probe (z;) ! - 4—8 6—8 6 6 6
. ¥, [ng/g) i 0 43 10,9 | 2,3 250 o
6«/ Mchrwert an Zitronensiure {s [ng/g] ‘ — o 7.2 + 11,8 | £+ 4.2 + 202 . + 21
v (%] o | x1e8 t108 | +183 + 81 +552

perorader

180

P
—

THANY L N ZIAN VR AMNIg] )
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Aktivitat der Akonitat-hyvdratase und Isozitrat-dehvdrogenase
der Diinndarmniukosa

Die ermittelten spezifischen Aktivititen sind in Tabelle 4 wiedergegeben.
Auf Erfassung der Werte bei Blind- und Dickdarm mubte wegen zu geringer
Menge an Mukosa verzichtet werden; zum Vergleich sind in Tabelle 4 die
entsprechenden Befunde bed er\mchsvnon Ratten {1] angegeben.

/a(;/«— of
Fabelle 4

Akonitat-hydratase und Isozitrat-dehvdrogenase in der
Diinndarm-Mukosa von Ratten

. Tt o “Gj ) . -\
{ Saugli Erwachsene (X7
pauglinge Rdtt( n
({) Anzahl der Tiere (N) ! 145 ‘ 9
%> Anzahl der Proben (P) | 6 : 2
) Anzahl der Tiere fiir 1 Probe (z) ‘| 17—-30 4—3
@) Mukosa-Menge je 1 Ratte ¥, g] 0,106 2,62
s (g [ + 0,050 T 0,22
v [° L ta7.2 -~ 8.4
C7;) Protem je 1 g Mukosa x, [mg] 67,2 ! 43,3
s | mg] +15.8 i 3.5
v [%] ! +23,5 * 8.1
i —— e 77*-.._1—_._,._._, [P e e
Cg) Spezifische Aktivitit! |
“_ Akonitat-hydratase % ‘; 0,010 0,020
s 4+ 0,004  + 0,007 \
v [%] P 40,0 +35,0
‘7\ Isozitrat-dehydrogenase ¥ 0,0682 0,004
7 ydrog I3
N ; + 0,010 + 0,009
v (%] - L '+ 96
1 Spezifische Aktivitit = umgesetzte gMole Substrat je 1 min und

je 1 mg Protein bei 20 °C
TN =98; P==4;z 21730

Diskussion

Vergleicht man die Ergebnisse bei Ruttoméiuglingcn mit denen bei erwach-
sencn Ratten (1], so manifesticren sich in qualitativer Hinsicht analoge
Verhiltnisse. Wihrend einer Versuchszeit von 3 Std. nach perorider Be-
lastung wird dic Zitronensiiure kontinuierlich aus dem Magen entfernt.
Sie wird im Diinndarm resorbiert bzw. durch die in der Mukosa vorhandene
Akonitat-hydratase sowic Isozitrat-dehydrogenase metabolisiert und ge-
langt dementsprechend nicht in den Dickdarm; der Zitratechalt des Blutes
wird wihrend der Resorption voriibergehend erhiht.

Die quantitativen Verhiltnisse aber unterscheiden sich deatlich bet den
2 gepriiften Altersgruppen der Ratten. Eine Bilanz iiber dic Verteilung der



20 UL Bruske, He-AD KeTz, K TAurEL

Zitronensiinre im untersuchten Resorptionszeitrium bei Sduglingen und bej
erwachsenen Tieren ist in Abbildung 1 wicdergegeben. Augenfillig ist, dal
bei den Siuglingen die Umsatz- bzw. Resorptionsbereitschaft in den ersten
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40
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Abb. 1. Verteilung der Zitronensdure im Verdauungstrakt nach peroraler Applikation
von Zitronensiure bei Rattensduglingen (4 mg/Tier = 400 mg/kg KG = 100%) und
bei erwachsenen Ratten (64 mg/Tier = 427 mg/kg KG == 1009)

=\ Erwachsene Rotten
(D

90 min sehr gering ist; bei den erwachsenen Tieren sind demgegeniiber zur
gleichen Zcit etwa 859 der verabfolgten Zitronensiure der Resorption bzw.
Metabolisierung anheimgefallen. Nach diesen 90 min, die bei den Siug-
lingen als eine ,lag'- bzw. Adaptationsphase aufgefaBt werden kénnen,
unterliegt die Siure auch bei den Siuglingen den genannten Umsetzungen
mit fast der gleichen Geschwindigkeit, wie sie bei den erwachsenen Ratten
bereits zu Versuchsbeginn beobachtet worden ist. Bei den infantilen Tieren
ist die Geschwindigkeit, mit der die Zitronensiiure den Magen verliBt,
wesentlich herabgesetzt ; der verbleibende prozentuale Anteil der verabfolg-
ten Saure ist im Magen wihrend der gesamten untersuchten Resorptions-
zeit dementsprechend deutlich erhoht.

Die Belastung ist bet Siuglingen (400 mg/ kg KG) und erwachsenen Tieren
(427 mg/kg KG) etwa gleich groB gewithlt worden. Es ist jedoch zu beriick-
sichtigen, dal} der prozentuale Anteil der Verdauungsorgane am KG bei
den beiden Altersgruppen z. T. recht betriichtliche Unterschiede aufweist
(Tab. 3).

Bezieht man dic verabfolgte Menge Zitronensidure auf das Magengewicht,
so resultiert bei den Sduglingen cine Belastung mit 10,5 mg Zitronensiure
Je 1 g Magen, bei den erwachsenen Tieren aber eine solche mit 34,9 mg/t g
Magen, d. h. das 3,3 fache. Abbildung 2 zeigt das Resorptionsverhalten der
Zitronensiiure gemiild dieser Berechnungsgrundlage. Die wesentlich grisBere
Geschwindigkeit der Abnahnie an dicser Siure im Magen der erwachsenen
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Zitronensiure- Resorption bei Rattensiauglingen 521
Tobfe s
Tabelle §
Anteil von Magen, Diinndarm und Dickdarm am Gesamt-Korper-
gcwicht von Rattensduglingen und von erwachsenen Ratten

@ Sdughng(* (10 g) } Erwachsene Tiere (150 g)@)
Organ —
i lg‘ % vom KG; o g) ’» vom KG-
T T - R S
@ | SR
-~ Magen 0,382 3.82 I 1,87 1,25
(5_) Diinndarm 0,481 ' 4,81 r5.74 3.82
@) Dickdarm 0,006 0,96 1,64 1,08
. 28 . ~
Ratten kommt besonders deutlich zum Ausdruck.” Dic Zunahme im Diinn-
darm ist bei beiden Gruppen zunichst von etwa gleicher GroBenordnung;
die Zitratgehalte der erwachsenen Tiere streben aber wesentlich schneller
P SHemed /,'Jﬂ,q,;.-("f,',,'fo_\f';: v
K] g wen ¥
200001 Magen s 0004 Dinndarm
) §
X
200001 2000 \ /
X
X
10 000 10004
0 N T ; 0 ps " e
) 40 80 120 160 min 0 160 min
n9/g Dickdarm 29/9 Blesf Bluf
Coten '
3004 ¢ 60-
2004 404
1004 20-
0 , . . - 0 — - . .
,‘.’, Lo 0 40 0 120 160 min 0 40 20 120 160 min

Abb. 2. Gehalt an Zitronensiiure im Magen, Diinndarm, Dickdarm  (juweils mit
Inhalt) und Blut nach peroraler Applikition von Zitronensiture an Rattensiuglinge
und erwachsene Ratten. - % Siduglinge: o ® [Lrwachsene

den Ausgangswerten zu. Im Dickdarm ist eine sichere Erbhohung der
Zitronensiurcewerte in beiden Fallen nicht zu erkennen. Die anscheinend
héheren Werte bei den Sduglingen nach 00, 120 und 130 min sind anf
zufillige, besonders niedrige Gewichte der Dickdirme der Tiere zuriick-
zufithren (vgl. Tab. 3). Der Zitratgehalt des Blutes imunbelasteten Zustand
ist bei den Siuglingen etwa doppelt so hoch wice bei den erwachsenen Tieren,
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Bet letzteren tritt aber im ersten Drittel der Versuchsperiode ein scharfes
Maximum auf, nach 80— 100 min aber — AbschluB der Hauptresorptions-
phase — sinken dic Werte wieder auf den Ausgangspunkt ab. Bei den
Nauglingen dst dagegen — von Schwankut gen abgesehen, die in dieser
Gruppe stets groller sind als bei den erwachsenen Tieren — nur ein flaches,
sich tiber die ganze Versuchsperiode hinzichendes Maximum erkennbar;
das dabei ctwas herawsragende Maximum nach 120 min findet seinen
Gegenpol bei dem entsprechenden Minimum im Diinndarm und ist wohl
als extremes Beispicl der biologischen Schwankungsbreite zu werten. Offen-
bar weisen die an cinem Tage untersuchten, aus 4 Wiirfen stammenden
Sduglinge der nach 120 min Belastung untersuchten Gruppen eine beson-
ders gute Resorptionsfihigkeit auf.

Die wiihrend der ersten 90 min nur recht geringen resorbierten bzw. meta-
bolisierten Mengen an Siure bei den Sduglingen (Abb. 1) kénnen z. T. mit
den — allerdings nicht wesentlich — verringerten Aktivititen der Akonitat-
hydratase und der Isozitrat-dehydrogenase erklirt werden (Tab. 4). Daneben
manifestiert sich aber auch cine nicht unerhebliche Verzogerung in der
Resorption, wie aus den erhéhten Zitrat-Werten im Dinndarm und den
nur langsam ansteigenden Werten im Blut hervorgeht.,

Die Beobachtungen von Droese et al. [2]—[8] iiber die z. T. schlechte
Vertriiglichkeit von Zitronensidure bei sehr jungen menschlichen Sauglingen
finden durch unsere an Rattensiuglingen erhobenen Befunde eine gewisse
Stiitzung. Umsatz bzw. Resorption peroral an letztere verabfolgte Zitronen-
sdure sind gegeniiber erwachsenen Tieren eindeutig herabgesetzt ; dies kann
als eine Belastung des Stoffwechsels im noch nicht voll funktionstiichtigen
Verdauungstrakt gewertet werden — weniger als eine solche des Blutes
oder anderer Organc des Intermedidrstoffwechsels, da offensichtlich deut-
lich verlangsamt rcsorbicrt wird. Die von uns gewdhlten Bedingungen
beim Tierversuch — cinmalige Gabe der Tagesdosis ohne Beikost — sind
gegeniber dem menschlichen Sidugling — Tagesdosis auf 5 Mahlzeiten mit
Milchnahrung verteilt — allerdings recht extrem und einseitig. Wenn auch
Schluifolgerungen aus unseren Ergebnissen auf den menschlichen Siugling
nur mit Vorsicht und Zurtickhaltung gezogen werden kénnen, so vermitteln
ste trotzdem wertvolle Anhaltspunkte bei der schlilssig zu kldrenden
Problematik der gesiuerten Sdughingsnalirung.
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Summary ] 2 G .

U. Beuxkr, H.-A Rz and k. TivrnL: Studics on the resorption of citric acid

in the gastm-intestinnl tract of rat sucklings
As a contribution to the question of acidulated mitk food for human babies, studies
were set up on the behavior of citrnie acid in the gastro-intestinal tract of rat sucklings.
When giving 400 mg. of citric avid per kilogram of body weight, marked differences
occur from adult rats. The acid transport from the stomach to the small intestine is
considerably  delayed, and its stay in the small intestine is prolonged. The citrate
content in the blood of rat sucklings which is normally twice as high as in adults,
increases after peroral administration of the acid more slowly and to a smaller extent,
thus indicating a delayed absorption. The activitics of aconitate hydratase and is0-
citrate dehydrogenase in the small intestine mucosa are slightly reduced so that
a delayed metabolism of citric acid may be expected compared with adults. The
results are discussed with respect 10 the response of human babies to acidulated

mitk food. ¥

Pesome

V. Beuke, I'-A. Rern it Ix. Toiifean: Mceaeronaund o pesopOIL JeMOH-
HOME KHCAOTH B AC.IY, [0UHO-KHIICHHOM TPAKTE KPBIC-COCYHEOB

Kaxk praa;l 1§ BUHPOCY ¢ HOIHHCICHIOM MOJIOMIIOM HITAHHI TPYIHOTO pebeuna,
ABTOPHI 1POROLIIN HCC 1€ {OBAHMI 0 HoRe:1eHitll JeMOHIoIL KHCTOTH B ey 10O
KHLICMHOM TPALTE KPLIC-COCYHLON. IIpu saetennn 400 wr JeMOHHOI KICA0ThL
1 kr meca Teaa NAGIIOIAITCH 0T IC0BLOT papocanx kpoie. Tpancnopt 1KUCTOTH
OT steayaNa B TOHRHIT KICTHIN SHAMHTEILITO 3aMELICH, a Bpes NPehLImAlNH
B TOHKOM LHMINCHINEE [TORLINCHO. ColeprRalie ITPaTa B Kposit, ROTOpPOE Y KpbiC-
COCYHHOR IPHMCPHO B.ABOC OB, TEM ¥ BIPOCABIX AHBOTHBIX, HOBBIHIACTCH P
HEPOPAILHOM  BEE LI HHCAOTH SHANNTE ILHO  MeLaennee, Wro VEA3LIBACT HA
aames e e pesophiuin. ALTIBHOCTH ABOHUTPAT-TILIPATAsL il HA0IITPAT-1erLpo-
FeHaspl B MYHORC TONLOUO Riedna caerha HOUMCHB Y COCYHIOR, Tali 410
B cpaBHeHITH € H3POLABLMI AUIOTHDIAL MOYKIO OFRILLATH 3AMELICHIe MeTado -
qeekoro 06MeHa AeMOLoil KNCA0TRE [ Loty YeHHDBIE ARTbIC OOCY AL HUIOTCH B OTHO-
HEHMH peatiil YPYIHoro pedeiia 1§ O MHCICHHONY MOJOUHOMY IIITAL0.
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" INDUCTION OF EXPERIMENTAL TETANY IN

V. R. Bouman, A. L. LESPERANCE
University of

URAU and Stout (1965) and Stout,
Brownell and Buray (1967) have found
high levels of trans-aconitate in early season
forage grasses of California. These samples
were collected in connection with especially
severe seasonal outhreaks of
pomagnesemia). The relation of trans-aconi-
tate or closely related compounds to the inci-
dence of grass tetany has been only cursorily
examined. Burt and Thomas {1961) lowered
plasma magnesium {Mg) by feeding sodium
citrate to young calves (4 to 6 mo. of age) but
not to a level associated with tetany. Plasma
Mg has usually been less than 1.0 mg. /100 ml,
when tetany has occurred (Dozsa, 1059).
Levels of trans-aconitate in California plants
(Burau and Stout, 1965; Stout et al., 1967)
were higher than the level of sodium citrate
used by Burt and Thomas (1961 ).

Studies were initiated to investigate the ef-
fect of trans-aconitic acid and related com-
pounds on the Mg content of hovine plasma
and its possible relationship to grass tetany.

Experimental Procedure

During January 1966, 18 Hereford heifers
averaging 185 kg. body weight were divided
into three similar groups. All animals received
grass hay ad libitum. Six animals served as
controls and received grass hay only; six re-
ceived 200 gm. of trans-aconitic acid plus 225
gm. potassium chloride (KC1) and six received
200 gm. of citric acid plus 225 gm. KCl in ad-
dition to grass hay for 6 days. The experi-
mental acids and salts were suspended in water
and administered by stomach tube within §
min., daily. In subsequent studies the acids
and salts were administered in a like manner.

In a second study, 12 similar animals were
divided into three groups and given the follow-
ing daily: grass hay only, grass hay plus 350
gm. citric acid or grass hay plus 50 gm. of
trans-aconitic acid for 3 weeks (period 1).

1Supported in part by the Southwest Branch, Soil and
Water Conservation Research Division, US.DA, Approved
for publication by the Nevada Agricultural Experiment Statjon
as ].S. 97.

b

grass tetany (hy-.
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G. D. Haroing anp D. L. Grungs

Nevada, Reno and U. S. Plant, Soil and
SW.C, ARS., US.DA., Ithaca, N.

Nutrition Laboratory
y.

During a second 3-week period, the level of
acids was increased to 160 gm. and half of
the animals of each treatment also received
125 gm. KC1. For the third 3-week period the
level of acids was increased to 150 gm. with
KCI administered at the rate of 175 grams,
For a fourth 3-week period the level of acids
was increased to 200 gm. with half of the ani-
mals receiving 225 gm. of KCl in addition.

Since mature, lactating animals are more
susceptible to grass tetany than heifers (Dozsa,
1959), a third study was inaugurated with
animals of this description or approaching par-
turition at the Knoll Creek Field Laboratory
of the University of Nevada in May, 1966.
Animals were matched according to weight
and assigned to one of the following three
treatments: controls, no treatment; 500 gm.
trans-aconitic acid plus 500 gm. KCl or 500
gm. citric acid plus 500 gm. KCl, but treated
once at random.

In a pilot study initiated to distinguish be-
tween the effect of different treatment compo-
nents, two animals were administered citric
acid at the rate of 157 gm. per 100 kg. body
weight; two additional animals received citric
acid at the same rate with 157 gm. KC1 per
100 kg. body weight and two received 194 gm.
each of citric acid and KC per 100 kg. body
weight. Only one administration of citric acid
and KCT was given,

A fourth study was designed to extend the
previous observations and delineate the cause
of this induced tetany. Thirty yearling cattle
(average weight 237 k) were assigned at
random to the following five treatments: K],
citric acid, trans-aconitic acid, KCI plus citric
acid and KC1 plus trans-aconitic acid. All ma-
terials were administered once per animal at
the rate of 157 gm, per 100 kg. body weight.
These cattle were splenectomized, anaplasmo-
sis curriers from a previous unrelated study.
The basal diet prior to treatment was grass
hay ad libitum.

In all studies except where indicated differ-
ently, KC1 was administered with these acids
in approximately equivalent amounts, since it
was postulated that these acids would be found
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TABLE 1. THE EFFECT OF ORGANIC ACIDS
AND POTASSIUM CHLORIDE ON
YEARLING HEIFERS

KCl plus
trans-  KClplus
Con- aconitic citric
Treatments trals acid* acid"
No. of animals 6 6 6
Plasma Mg, mg./100 ml.
Jan. 18, 1966
(initially ) 1.87 1.85 1.73
Jan. 24,1966 1.45 1.51 0.98"
Difference 0.42 0.34 0.75"
Plasma Ca, mg./100 ml.
Jan. 18, 1966 10.9 10.8 11.4
Jan. 24,1906 11.1 10.5 10.3
Difference .2 0.3 0.9
Deaths 0 2" 1
Daily hay consump-
tion, kg. 3.7 1.6 1.6

* Two hundred grams of acid and 225 . KCl administered
once daily per os.

b Died within 6 day's.

¢ Died at 12 days.

9 Significantly different from other treatments at P01

primarily as the potassium salts in plant ma-
terial but potassium frans-aconitate was not
available. Plasma samnples were taken initially
and at various intcrvals throughout these
studies. Tf tetany occurred, an attempt was
made to treat the affected aninjal with a solu-
tion of calcium (Ca)-Mg. gluconate * intra-
venously after an additional blood sample was
obtained. Plasma Mg was determined on an
atomic absorption spectrophotometer (Beck-
man). Plasma Ca was determined by oxalate
precipitation and subsequent titration with
permanganate.

Results and Discussion

The data from the first experiment are
shown in table 1. Citric acid plus KCI signifi-

2 Corvel Division, Eli Lilly and Ca., Indianapolis, Ind.
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cantly decreased plasma Mg but had no sig-
nificant effect on plasma Ca. Both organic
acids with KCl decreased feed consumption
(P<.01). Tetany was not observed in any of
the animals. Autopsies were performed on the
animals that died. Large areas of ecchymoti:
hemorrhage were observed on the ventral pos -
tion of the rumen, abomasum and part of th
small intestine for the animals receiving tran -
aconitic acid. In addition, marked -autolysis (
the kidney occurred. Except for the kidncy
lesions, the autopsy findings were similar {or
the animal receiving citric acid.

The organic acids had no measurable effec}
on plasma Mg nor was an interaction (KCl ¥
organic acids) evident during the secoru
study; hence the data are pooled and pre-
sented for KCI only (table 2). The addition
of increasing amounts of KCl gradually d
creased feed consumption and plasma .M
These effects were more proncunced at high. .
levels of KCI and statistically significant. N.,
death losses or visible symptoms occurred.
Serial blood samples taken at 2- to 4-day-
intervals indicated that the eifect of KCl on
plasma Mg occurred gradually and was not the
effect of a single dosage. With the more pro-
longed administration of the KC1 and organic
acids, both acids behaved similarly, unlike the
observation for the shorter term study. This
suggests that some adaptation to the relatively
large dosage of organic acids may occur. Po-
tassium salts have been implicated in lower-
ing plasma Mg and feed intake in other long-
term studies (Rook and Storry, 1962; Kunkel,
Barns and Camp, 1953). Tn the current study,
treatments had no significant effect upon
plasma Ca.

In the third study, 17 animals were treated
as indicated in table 3. During this process,
one treated animal died before being observed,
while another was observed staggering. Muscu-
lar tremors occurred later, followed by the ani-

TABLE 2. THE EFFECT OF POTASSIUM CHLORIDE ON FEED INTAKE AND

PLASMA MAGNESIUM AND CALCIUM

Plasma Mg.

Period KCl daily KCl No KCl
gm. mg./100 ml.
1 0 1.63 1.58
2 125 1.43 1.62
3 175 1.60 2.05°
4 225 1.23 1.84%

Plasma Ca Daily feed intake
KCl No KCl KCl NaKC(Cl
mg./100 ml. kg./animal®

11.6 11.4 4.1 4.4

11.6 11.6 3.8 4.9"°

10.5 10.8 3.6 4.6
9.4 3.1 4.4**

9.2

® Approaches significance (F=5.85 at P 05=5.99).
b Approaches significance (F=5.51 at P .05:25.04).
€ Average weight 159 kilograms.

* Difference is statistically significant at P<0.0285.
** Difference statistically significant at P<0.01.
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TABLE 3. THE EFFECT OF ORGANIC ACIDS
ON THE OCCURRENCE OF TETANY IN
CATTLE® (KNOLL CREEK FIELD
LABORATORY, UNIVERSITY

OF NEVADA, 1966)

KCl plus

trans-  KCl plus
Con- aconitic citric
Item trols acid” acid®
Body weight, kg. 390 353 369
No. treated 6 4 7
No. tetany £ 0 2 4
No. died 0 1 2
Plasma magnesium mg./100 ml.
Initially 2.07 2.34 2.41
Prior to injection e 2.60 2.32
24 hr. later 1.82 2.00 1.53
Difference at 24 hr, 0.25" 0.34° 0.88*

¢ Mature lactating cows ar cows approaching parturition.

b. e.d Figures with different superscripts differ significantly
(P<Z.05) within the same category.

€ 500 gm. organic acids plus 300 gm. KCl daily per os.

f Tetany usually occurred within an hour of treatment.

mal falling one or more times. Later several
additional animals showed a similar sequence
of symptoms. When an animal could be ap-
proached while down, a solution of Ca-Mg
ghiconate was injected intravenously. Most
animals recovered with one injection, although
some animals had relapses and a second or
third injection was necessary. Animals died if
injections were initiated too late or not at all.
The symptoms were similar to those observed
with grass tetany in field cases and as de-
cribed in the literature (Dozsa, 1959). The
incidence of tetany between the two organic
acids was similar,

Animal body weight varied widely within
experimental treatments. Since a constant
amount of organic acids and KC1 was adminis-
tered per animal, the dosage per unit of hody
weight was quite variable. This was examined
as it related to the induced tetany. The ani-
mals that received the organic acid plus K1
and showed tetany received an average of 157
gm. per 100 kg. body weight, whereas the ani-
mals that received the same treatments but
did not show tetany averaged 121 gm. per 100
kg. body weight. Data for the two acids were
similar. In the earlier studies (tables 1 and 2),
when no tetany was observed, the heifers re-
ceived 108 gm. of these materials per 100 kg.
body weight. Thus, it appears that the amount
of these materials necessary to induce tetany is
related to body size.

Blood samples were obtained before treat-
ment, immediately before injecting Ca-Mg
gluconate when tetany was observed and 24
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hr. after the initial blood sample. When ani-
mals were in tetany, plasma Mg was similar to
pre-treatment levels. Rook and Storry (1962)
have indicated that plasma Mg tends to rise
with the onset of convulsions; hence an analy-
sis for Mg at this time may have limited value.
Twenty-four hours after treatments were ad-
ministered, the plasma Mg had decreased in
all cattle but to a significantly greater extent
in animals receiving organic acids and KCL
These data are similar to those obtained with
the heifers in the first study. Both of these
studies indicated that citric acid has a much
greater effect than ¢rans-aconitic acid on low-
ering plasma Mg when administered with KCl
and measured in a short period post-adminis-
tration. Plasma Ca was not affected by the
experimental treatments. Plasma samples
taken immediately after the animals showed
tetany or 24 hr. post-treatment were slightly
higher than pre-treatment levels, Samples
taken after injection of Ca-Mg gluconate were
much higher in both Ca and Mg as expected.

In the pilot study, the cattle that received
citric acid alone showed no symptoms. When
ctiric acid was administered with KCl1 (157
gm.;/ 100 kg.), tetany occurred but cattle re-
sponded to injections of Ca-Mg gluconate.
When citric acid and KC] were administered at
the higher level, tetany occurred but the ani-
mals failed to respond to Ca-Mg gluconate
injections.

The results of the fourth study are shown in
table 4. KCI or either acid administered indi-
vidually had litttle effect on the incidence of
tetany. However, tetany occurred in 66 to
100% of the cattle that received the combina-
tion of KCl and either acid. Again, the simi-
larity of response of animals to citric or frans-
aconitic acid suggests that their biological
effecct on the animal at these dosage levels is
similar. These animals were not as responsive
to intravenous injections of Ca-Mg gluconate
as was noted in previous studies. No immedi-
ate explanation is available for this difference,
but additional studies are under way to ascer-
tain the causative factors.

11 tetany was not observed in an animal, an
additional blond sample was obtained approxi-
mately 2 to 3 hr. post-treatment. Treatment
had no significant effect on plasma Mg when
measured at this short interval. In general, the
level of plasma magnesium was slightly higher
when measured at tetany or 2 to 3 hr. post-
treatment. Plasma Ca followed a similar trend
as plasma Mg.

A combination of organic acids with K(l
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TABLE 4. THE EFFECT OF ORGANIC ACIDS AND POTASSIUM CHLORIDE ON
INDUCING TETANY IN CATTLE
Citric Trans- KCl KCl
acid aconitic -+ -+
Trealment' KC(Cl (CA) acid (TAA) CA TAA
Lattlc no. 6 6 6 6 6
Tetany, no. 0 1 0 6 4
Deaths, no. 0 0 4] 3 3
Treated, recovered, no. 1 1 1
Tetany, no treatment, no. 2 e
Plasma magnesium, mg./100 ml,
Pre-treatment 1.94 2.01 1.92 1.90 2.09
Post-treatment ” 2.08 1.98 2.06 2.12 2.5¢C
Plasma calcium, mg./100 ml.
Pre-treatment 11.8 12.5 11.6 11.6 10.9
Post-treatment” 12.8 15.2 13.3 15.6 13.2
-vv:;llimah rials, uhm ‘|‘xv1d|cazul were administered once per os at the rate of 157 gm./kg. body weight.

b At tetany or 27 to 3 hr. post-treatment.

produces a tetany similar to grass tetany when
administered at appropriate levels. Several
theories have been suggested to explain this
result but data supporting each is inadequate.

Summary

A tetany that resembles field cases of grass
tetany has been experimentally induced in cat-
tle by orally administering KCl plus either
citric or #rans-aconitic acid. These two acids or
KCl administered separately do not profuce
tetany. The mechanism whereby this condition
occurs is not delineated. Administration of
KCl alone lowers plasma magnesium over ex-
tended periods, but the combination of KCl
and citric acid lowers plasma magnesium in 24
hr. to 1 week.
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Nectherlands Institute of Nutrition and Laborvatory of Physiological Chemistry,
University ot Amsterdam, Netherlands
THE EFFECT OF A PROLONGED INTAKE OF PHOSPHORIC ACID
AND CITRIC ACID IN RATS

) BY
Dr. S. L. BONTING *) and Prof. Dr, B. C. P, JANSEN

Introduction

The use of orthophosphoric acid as an acidulant in refreshing
heverages lhias become rather widespread. Therefore the action of this
acid needs to be more thoroughly investigated. Although the capacily
of the body to maintain its actd-base cquilibriwn, notwithstanding a
considerable intake of acid or base, is an established fact, the question
arises whelher a prolonged intuke of acid or base would be equally
well handled. i

The following mechanisms scem 1o be most important for the
maintenance of the acid-hbase equilibrium  with continuous acid
ingestion: 1. the excretion of ammonia by the kidney. 2. the excretion
of monobhasic phosphate instead of dibasic phosphate by the kidney.
the so-called “phosphate shift”. 3. the excretion of acid calcium phos-
phate via kidney and intestince instead of inlestinal exceretion of neutral
caleium phosphiate (15, 27). Only when these mechanisms failed would
an acidolic condition be expected, as well as a possible loss of fixed
base from the body lissues.

The literature on this subject is rather inconelusive, as very little
work has been done with phosphoric acid. Talsnzawa (22) found a
marked disturbance of the liver funclion in rabbits fed Nall:POu.
Dental crosion occurred in rats receiving phosphoric acid in the
drinking water (16, 18). This erosive action, however, is not specific
for phosphoric acid, as the same effect is produced by fruit juices
(12, 17, 26).

It was therefore, decided to carry out experiments with rats over
the whole life span and wilh suceessive generalions in order to in-
vestigate the effect of phosphoric acid and citric acid on growtl,
reproduction, the blood picture, the histological appearance and
chemical composition of different ordans, and the effeet on mineral
and nitrogen metabolism. The offect of citrie acid was studied for the
purpose of comparison. Full delails about teehniques and results are
given in a dissertation by one of us 3).

Experimental

Diets

As this experiment was conducted in the Nctherlands, the bhasal
diet (diet A) was designed to resemble the average Duteh diet as
closely. as possible, especially wilh regard to the acid-base bhalance.
It is slightly acidogenie, as shown by the fact that the urine of the

*} Present address: Department of Physiological Chemistry. School of Medicine,
University of Minnesota, Minneapolis (Minn) U.S.A.
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rals on this diet had an average pH of 5.87. This diet containe,
0.60 % Ca and 0.82 ¢~ P.

Three experimental diets were used: basal diet plus 0.40 ¢/ phos-
phoric aeid (diet B), basal diet plus 0.75 < phosphoric acid tdiet €,
and basal diet plus 1.20 7, citrie acid (diet D) (see table 1), The
corresponding designations will be given to the groups of animals
receiving these diets. A conecentration of phosphorie acid ol 4.5 7,
would provide, on the basis of body weight, the maximum acid intake
in the human diet possible if the entire daily ealorie requirements
were oblained solely from the sugar present in the phosphorie acid-
containing soft drink. Analvsis of one of the most popular of these

beverages showed that it contained about 0.055 % H.PO: and 11
SUCTOSC.

Table 1. Composition of the diets
Basal diet (diet A):

Casein ... ...l P 6.0 % Brewer's yeast ... ..o 0. 3.0 <
Dried full milk ... .. ... . .. 100 % Cas (PO oo oo 1.9 ¢
Whole wheat flour .......... 345 % Na HPO, 20,0 . ... ... ... 0.8 <
Potato flour ............... . 330% | 4 OF SN PN 0.9 ¢
Peanut oil ... ... o L.l 6.5 < MgCO- oo 0.2 %
Cod liveroil ........ ... ..., 0.5 % Na-citrate ... . viivenn., 0.1¢<
Linsced oil ... ... .. ... 0.5 <« Various salts!y (. ... ... .. vt o

Diet B = basal dict A plas 0.40 ¢ phosphoric acig.
Diet € = basal diet A plus 0.75 = phosphoric acid.
Diet D == basal diet A plus 1.26 ¢ citric acid.

Blood picture

Blood sumples were obtained by amputating the tip of the tail (7,
p. 351) after dilating the tail vein by rubbing the tail with toluene.
The erythroeyle number was delermined by measuring the exiinetion
of the 20-fold diluted blood at 650 my. (13).

Teeth

The method of Keyes (14% as modified by Jansen et al. (117 was
used for the quantitative appraisal of the caries. The degree of dental
crosion was also observed. Histological preparations were made ol
some of the molars hy the method of Mann as modified by Dobell (20,
Urine

During the metubolism experiments the animals were kept in
nmetabolism cages and the urine was colleeted separately from the
feces over periods of seven days. The titratable acidity was determined
according to Henderson and Palmer (8%, For ammonia and urea the
microdiffusion technique (5% was used. Tolal N was determined with
the Kjeldahl technique, and inorganic phosphate by the method of
Sumner (21). Caleium was determined according to Wang (24,

Total base was determined by an ion exchange method (41, For citric
acid the method of Weil-Malherbe and Bone (253 was used.

Ty Aceording to Junsen et all (10),
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Feces

The feces were dried overnight at 105° C, weighed und ground.
Fecal total phosphorus was determined in a mtr‘xc act‘d-pf:rchlorlc
acid digest by means of the method of Sumner (21). (,ulcmm' ‘\\a?
determined in the same digest with the method of Wang (24). Tota
N was determined with the Kjeldahl technique.

Blood

The animals were killed by decapitation .:md the (‘.ollect(‘({ hlo(;)d
was centrifuged immediately. The inorganic phosphorus \\‘ns ttf-
termined by the method of Sumner (21) und' calcium by means of (4()3
procedure of Wang (24). For total base an ion exchange m?)tl.md b
was used. The manometric method of Van Slyke (19, P 267) was
used for determining the total carbon dioxide cunlcnt. ol"the serum.
Chloride was determined with an jodomelric method <2.?3. Ihe meﬂ}nd
of Bessey ct al. (2) was employed for the determination of alkaline
phosphatase activity in serum.
Tissues . . .

Total phosphorus was determined in a ni’t‘ric ucnd-perc{hlm‘u-ru‘cll(z
digest by means of the method of Sumner (.Zl). In the same (‘19,(5
Na and K were determined flame photometrically, using ‘hl:l_nk's and
standards containing approximately the same umf)‘unts of I}lh‘lc :m‘(l
perchlorie acid as were present in the digests. I'he alkaline phos-
phatase activity of the Kidney was determined by the method of
Bessey et al. (2) in a 2.5 % homogenate, ) ‘ o

The tibiae were ashed at 600¢ C after extraction of the _hpul..\ with
cther ethanol. The ash was dissolved in dilute hydl'nchl(n'\c acid and
the phosphorus determined with the methad of Sumner (21) and the
calcium with Wang's (24) method.

Statistical analysis

The statistical methods used in the evaluation of the l'csult's have
heen described in detail (3). The bilateral tail probability (p2, 1.e. t}.le
probability that the difference found be accidental, was calculated in
Jach instance. The difference was considered significant, whenever p
was smaller than 0.05. Values of p in text and tables have bheen printed
in italics.

Results
Binlogical experiments ‘
The average weights for each experimental group at Q, 1 and 20
weeks affer weaning were compared. Diets containing ollhcl" |l.4'(i- Cn
or 0.75 75 phosphorie acid or 1.20 7 ciln -_ucid h‘;ul nn.lmrmtul vl_lcct
on the growth of three suecessive generalions of rals fed these (h("ts.
The reproduction of the rats in dictary groups A, .B and D was in-
vestigated when they were 32 weeks old and had received the (lu:ls t('n'
94 weeks. Eleven weeks later the same animals were mated again. No
Jdetrimental effeet of the acid dicts on the reproduction existed. cither
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after the first. or after the second mating, as judged by the weight of
the mothers the number of fiving voung and stiliborn per litter, the
average hirth weight of the tiving voung, and the number of voung
left at weaning.

The blood picture was determined in 20 animals of the first gene-
ration and in 20 animals of the second generation. In each case 10
animals of group A and an cequal o gro B, including hoth
male and female animals were investigated. The age was 32 weeks
and the diets had been given for 29 weeks. Ervthroevtes, leucoeytes.
Ivmphoceytes, neutrophiles, eosinophiles, basophiles, young lencocytes
and monoeytes were counted. No significant differences were found
for any of the clements. No gross anatomiceal changes were found in
any of the wunimals exeept for more or less marked pulmonie lesions
due o pneumonia, which were of the type described by Griffith and
Farris (7. p. 460-2) and occurred with aboul the same frequency in
contral and experimental groups.

Hisloligical examination of the liver, spleen, adrenals, lesticles,
skeletal musele and femur revealed no pathological changes or any
peculiarity. As in sonie cases abnormalities of the kidney were found,
the investigation of Lhis organ was extended to additional animals.
The abnormalities were found to occur with practically the same
frequeney in the controls as in the experimenta} animals and therefore
could not be attributed to the acid diets. Similar lesions of the kidneys
with about the same frequency were diseribed by Griffith and Farris
7, p. 4692 and labelled as spontaneous diseases. A possible ex-
planation of the changes found mayv be degeneration due to chronice
infections, ¢.g. pneumonia.

In a study of the feeth of a number of rats of the dietary groups
ACB, Cand D ddiets during periods from 3 to 16 months), no extensive
lesions were found only some fissural caries. The caries percentage.
i.e. the relative amount of dental tissue lost due to a carious process,
was exeeplionally low (about 0.1 %) and about the same for all dictary
groups.

In all groups, dental attrition of the molars was found to occur
with inereasing age. The highest degree of attrilion” was found in the
aninlals receiving phosphorie acid and the lowest in the animals of
group A. No caries was observed in the abraded cuspal parts. Ap-
purently there was no connection between earies and attrition, the
former always being fissural and independent of the acidity of the
diet. A remarkable feature of the molars of the animals receiving
phosphoric uacid was the white colour, which was presumably due
partly to the pruper colour of the molars and partly to the reduced
plaque.

voof group Bl both

On histological examination of the teeth the tubules of the dentine

of the animals receiving the acid diels were found to be filled with a
caleium-containing substance, differing from normal dentine by being
somewhat translucent. This is probably an indieation of a reaction of
the dentine to the acid diets. This process had not progressed to a
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further degree in the animals recciving di
compared to the situation after 3 months (

v
Lre wti HIOHN 5

ets B and D for 10 months
G specimens . Neither after
3 nor after 10 months was there any indication of a reaction of the
pulp; only normal odontoblasts were found. No secondary dentine
formation had oceurred. In the histological examination no traces of
caries were apparent, which is in accordance with the very low caries
pereentage. From these observations it was concluded that the in-

atlrition: was not to be rvegarded as a harmtul asclion of the
acid diets.

Y |
CIE&asea &

Metabolism experiments

In experiment 1, 24 female rats of the control group fage 8 months)
were kept on control diet A for the firsl 6 weeks of the experiment.
During the next 8 weeks 8 animals were conlinued on Lhis diet, while
8 others reecived the diet B containing 0.40 phosphoric acid, and
the remaining rats received diet D containing 1.20 o cilric acid. The
expermment was completed with another control period of 6 weeks
during which all animals reccived diel A, As this experiment could
only vield information over relatively short period of acid ad-
niuinistration, another metabolism experiment (experiment 2), in which
8 animals of dictary group A were compared over five weeks with
8 aninals of dietary group B, was carried out. A animals were 8
months old at the staet and had received the diel of their group since
weaning. The Ca-, P-, and N-balances, determined in these c‘xpcrimonts.
are the differences between the intake of these elements on the one
hand and their excretion in urine and feces on the other hand. ex-
pressed in mg/day.

Table 2. Phosphorus and caleiun belance an) excretion

' - ) !’lms[ﬁith'us ’ Cateium h i
Dict Balance Urine  Feces Ratio | T
group urine/fecal Batance Urine Feces  Ca/Pin

| mgd  mgid mgd P Pomedd mg/dmy/d feces
— e IR . o . -

A 221 35.6 68 056 : 18.7 1.08 T 1.13

B 27.2 . 432 (8 015 ; 222 0.7 N faH

p*) 0.07% 0.130 0556 (.105 | n.17; 0.195  0.146 N.083

R In ”lis and subsequent tables the values tor P, printed in italics, are the
bitateral tail probabilities vesulting from the statistical treatment.

Table 3. Nitrozen halanee and encretion

Dict Balance NH N inuring Urea-N in uvine
group my d N my d mg d

A : 61 75 1H

it 1 Gt 10.6 129

p 0.0959 URIIAW 0.130
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f In table 2 the phosphorus balance and exeretio

cialeium balance and exeretion for experiment 2 are given.
experiments the phosphorus halanee was increased by the phosphorie
acid diet. Also increased was the urinary phosphorus output, though
significantly only in experiment 1. The feeul P exceretion remained
unchanged in hoth experiments and consequentiv the ralio urinary
feeal Poexeretion ncreased, s '!'if:inH:\' only in experiment 1. The
citric acid did not exert any influence on the phosphorus batanee or
excretion, Neither of the two acids caused a significant change in the
caleium balance and exeretion in either experiment. Notably the
urinary ecalcium output did not increase. However, the fecal Ca /P
ratio had the tendency to decrease for group B in both experiments.
Combination of the (wo probabilities, according to the method of

Fisher 706, p. 99,, showed the effect to be significant (p = 0.033).

. - 1l
s well as the

ln‘ bhoth

This would mean that in the phosphoric acid group acid ecaleium
phosphate replaced part of the Cast POy, exereled in the feces.

The results obtained for the nitrogen balance and excretion in
experiment 2 are given in table 3. In experiment 1 only the urinary
ammonia and urea excretion were determined. The phosphorice acid
diet did not affeel the nitrogen balance, although a very significant
increase in the urinary ammonia excretion occurred tp = 0.0087),
Simultancously, however. there is an indication of a decrease of the
urea cxeretion, sufficient to compensate for the extra ammonta ex-
cretion. In experiment 1 the phosphoric acid group showed a similar
increase in the ammonia excretion, while the sum of urinary ammonin
and urea nitrogen did not change. The citric acid group showed no
effeets on the ammonia and urea exerelion. These results can bhe ex-
plained us follows: in our diets the prolein supply was abundant and
thercfore enough glutainine was avuilable for the formation of am-
monia. Thus, the only effect was a decreased uren excretion, while
the nitrogen balunce remained positive,

Table 4 shows the fixed buase exeretion in experiment 1. The jon
exchange method used determined wmmonia in addition to Na, K,
Ca and Mg; the total base content minus the ammonia content there-
fore gave the fixed base concentration of the urine. It is clear that
neither of the acid diels had any effect on the urinary fixed base
excretion, so the acid diets did not cause a loss of fixed base from the
body lissues.

Table 4. Fixed bhase excretion

Dict ur CP1°) EP Cp 2
tet group meq/d meq/d meq/d
A 3.67 3.63 3.67
B 3.02 3.63 v 3.63
D 3.36 3.52 3.70

*) In this and suhsc;;ucnt tables CP 1 and CP 2 are the control periods, EP the
experimental period.
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Diet group CP 1 vs. FP

pAvs. B 0.959 1.000

. pAvs. D 0161 0.955

Table 5. Volume, titratable acidity and pH of urine

Volume Titratable acidity

Diet group mi/d meq/d pH
A 6.8 0.40 5.89
B 3.4 0.53 3.66

P 0.028 0.013 0.0019

In table 5 the daily volume. titratable acidity and pH of the urine
in experiment 2 are ‘prcscnted The t.ih'ntflbl;* acidity was raised u‘ml
the pH was lowered by the phosphorie :l(',l(]. in both cxponn‘u-‘n.ts'. The
citric acid did not change the titratable acidity and the ];II_SIgmflc;mt—
ly. The daily volume of urine was unatfected in experiment 1 hy
cither of the acids, while in experiment 2 it was lowered by the phos-
phoric acid, so there was no diuresis,

Table 6. Citric acid in urine

cr o1 EP cP 2
Dict group my/d e mg. d e mg/d ‘o
A 6.1 76 8.4 99 11.6 126
D 5.7 67 11.0 5.3 12.2 137

Diet groups CP 1 vs. EP EP vs. CP 2

pAvs.D : 0758 0.805

The urinary citrie acid exeretion for groups A and D in cxpelzimont
1 is given in table 6, both in mg/d and in per cent ()f'lll(‘ total intake
(the basal diet contuined 0.051 % citric acid as Nu-(.‘ltra?e). The stgl-
tistical comparison was carried out for the exeretion in ll]f_{/(". No
increased citrie acid exeretion was found. Apparently the :mnn.uls
could oxidize almost all of the extra ingested citrie acid, assuming
that no appreciable amounts were exereted in the feces or deposited in
the hody.

Tissue unalyses

The experiments presented in lable 7 consisled of two series; in
series 1T obwelve 15-month old female rals from each of the dietary

S
()
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Diet group

Series 1
A
13
D
Series 2
A
B
[§]

Scries 1
A
B
D

Series 2
A
B
D

[

mgo%

3.53
3.46
3.38

3.69
3.60
3.66

Inorganic P

ﬂmad serum

Table 7. Tissue analyses

Cu* 7 'lr‘olulrha.\"; - T
myg % meqg,/ ml mga
10.4 0.123 336
10.7 0.120 333
11.7 0.121 340

.4 0.121 331

R.8 0.116 333

0.2 0.117 337

Liver o
| Total
K Na ! P
]
ueq ‘g nec;/ g i mg/g
|
78 40 ! 2.63
70 40 : 2.57
3 37 ‘ 2.43
81 29 | 2.63
80 33 | 2.63
81 31 i’ 2.36

Alkal. p;hosplmrt. E lrkal. ;u)hr«;»r;pl;:n:.\\’ﬂtor”r(-(;ntel;{A‘slrl w;tcnl

Kidney

mM units/mi ’ oM units/mg e %,
i
6.0 ! 1.09 76.8 1.46
5.3 j 0.82 77.1 1.54
ol i 0.78 77.49 1.34
t
|
18.7 | 2.75 76.6 1.16
17.9 ! 2.31 76.6 112
15.8 | 2.46 770 1.14
I — . e
Muscle ! Tibia
S R R
K Na !%sh content Ca in ash P oin ash
PR ! S et ki
ueq/g neq/g ‘ % dry wt. “nash % ash
94 23 6.8 344 16.3
95 23 58.0 33.4 19.2
91 23 | 58.2 369 19.2
|
!
98 23 | 64.3 34.2 19.2
96 25 ! 62.7 35.6 19.0
85 28 I 63.3 347 193

{24!

Surpaop
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grogps A, Band D were used. Tu series 2 6-month old male rats of the
seeond generation were used, 14 rats from group A, 15 from group B
and 7 from group D.

No differences in either of the experimental groups of series 1 and
2 ‘were found in inorganie phosphorus, calcium, total base, chloride
and alkaline phosphatase activity in blood serum, in the fresh weight,
ash content and alkaline phosphatase activily of the kidney, in fresh
weight. tolal P and K of the liver, in K econtent of the muscle and
tinally in the ash content and I content of the tibia. A slight indication
of o decrensed water content of the kidney was found in group B of
series 1 (the avernge 77.1 is high beeause of one very high value - -
81.9 - in this group . Since no parablel inerease in the ash content was
found and also as no effect in series 2 existed, not too wuch im-
porfance can be aseribed to this finding. In any case there was no
sign of renal edema or renal enfargement,

The Na content of the liver was decreased in both series by the
citric acid. No change was found in the phosphorie acid group. The
total P content in musele was also decreased by the citrie acid in both
series, while no change was observed in the phosphorie acid group.
The deercase in the total P conlent of the muscle may he due to a
partial exchange of phosphate ions for citrate ions, or to a mobilization
of phosphate for the oxidation of the citrie acid ingested. An inerease
of the Na content of the musele was found in both series for both
acids. the increase being significantly larger for citrie acid than for
phosphoric acid. The absenee of a decrease i the Na or K content
of the soft tissues is in accordance with the absence of an inereased
fixed base exeretion found in the metabolism experiments. The only
difference found in the analysis of the tibia is an inereased calcium
content of the ash for the phosphoric acid group in series 2. 'There is
no indication of a decaleification of the skeleton due to the acid diets.

In a scparate experiment the total carbon dioxide content of the
Mood serum of 10 male rats of group A fage 12 months, first
seneration’ and 10 male rals of group € (age 13 months, second
generation) was determined with the following results:

group A 70.7 vol. 7 (standuard error™? 2.2 vol. “¢)
group C 71.4 vol. ©v (standard error 2.4 vol. ¢0)

Apparently even the extreme diet € (0.75 < phosphoric acid) did
not cause acidosis in the second generation after one year,

Erperiments with radicactive phosphoris

Two experiments with radioactive phosphorus were carricd out to
supplement the evidenee oblained from the metabolism experiments
and tissue apalyses. In the first experiment the endogenous feeal
phosphorus exerclion was determined by means of the procedure of
Hepesy et ol 09 Seven davs sfter inlraperitoneat injection of P
. , Ly -

) Dedined by the Tormuda: S whiere norepresents the number of

e N

measurcirents (xo from o which the average o has heen ealeutated,
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phosphale the urine and feces were collected in two perivds of seven
days. For each ecollection period the specific activilies of urine and
feces were determined, their ratio giving the pereentage of endogenous
phosphorus in the total fecal phosphorus exeretion. Ten 7-month old
female rals from each of the diclary groups A, B and D were used.
The only significant change was an increased ratio of urinary to fecal
phosphorus for the phosphoric acid group ctable 8), a fact atso found
in the melabolisim experiments. There was a tendeney for a parallel
rise in the ratio of the activities excreted daily m urvine wnd feees,
but no change in the endogenous feeal phosphorus exerelion was
found.

Table 8. Endogenous fecal phosphorus excretion

Diet % endog. fecal P urin./fecal activ, urin./fecal P total activ./day
group  Istweek 2ndweek Istweek 2ndweek Istweek 2nd week 1stweek 2nd week

uC/d uCrd

A 20.1 22.1 2.04 1.85 0.40 0.38 0.30 0.15

] 25.9 20.8 2.65 2.73 0.50 0.50 0.31 0.15

D 32.6 19.2 2.34 1.88 0.48 0.35 0.37 0.16
pAvs. B 0.549 0.296 0.025 0.796
pAvs.D 0.971 0.825 0.631 0.123

In the other experiment the phosphorus retention of the tibia was
determined in eleven 13-month old male rats of each of the groups
A, B, and D. Onc hind leg was amputated at the beginning of the
experiment, 24 hours after intraperitoneal injection of P#phosphate,
to serve as an internal reference stundard. After six weeks the animals
were killed, and the other tibia obtained. The speeific activities in
both tibine were determined, their ratio giving the retention of phos-
phorus by the bone (1), The average phosphorus retentions of the
tibiae over a six-week period were: group A 63 ¢, group B 63 %,
group D 69 9. The differences between the groups are not significant
(p = 0.187 and 0.346 respectively).

Discussion

The outstanding results of these experiments are the absence of un

acidotic condition in the rats, the absence of a loss of ealeium and the

other fixed bases, and the absenee of a loss of nitrogen from the body.
The absence of changes in the mineral composition of the blood serum
is in good agreement with the findings for lhe mineral metabolism.
These results were obtained with both acids. The complete similarity
between the results of the two metabolism experiments proves that the
metabolic effects of the phosphorie acid after a prolonged inlake were
the same as after a relatively short one. The phosphorie acid was
neutralized partly through the excretion of ammonia by the kidney,

920



Voeding 147

jeartly through the phosphate shift resulting in an increased titratable
acidity and a decreased pH of the urine, and parlly through the
excretion of a more acid caleium phosphate in the feces.

The increased retention of phosphorus probably resulted from an
inereased absorption due 1o the acud regime. The increased absorption
with the resulting inerease in phosphorus retention as well as the
increased urinary phosphorus excretion were the only observable
changes in the metabolism of this element. There was no difference
in the turnover of the skeletal phosphorus, nor any change in the
alkaline phosphatase activity of the blood serum and the kidney, nor
any difference in phosphorus content of the body tissues. There was
no indication whether the retained phosphorus was deposited in the
<keleton or in organie compounds in the blood or the soft tissues,

The citric acid proved to exert even less effect on the muneral meta-
bolism: the organism was able to oxidize all of the extra ingested
citrie acid. Some slight effects on the tissue composition were found:
a deercased Na content of the liver, a decreased total phosphorus con-
tent and an increased Na conlent of the musele. The inereased Na
content of the muscle also occurred in the phosphoric acid group.

Summary

Albino rats were maintained on diets to which ¢ither phosphorie acid or citrie acid
were added in quantities that represented, on the basis of body weight, the maximum
daily intake of acids that would be possible if the entive duaily caloric requirements
were obtained solely from the sugar contained in solt drinks.

No harmful effects were produced by the aeid diets in two successive generations
of animols maintained on these diets for a considerable part of the life span, as
Sshown by an extensive study of growth, reproduction. the blood picture, the gross
and microscopical appearance «of the organs, the mineral and nitrogen metabolism
and the tissue composition.

The normal physiological processes for the removal of ingested acids were found
to be sufficient even after o continuous intake in two successive gencralions,
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INTRODUCTION

Although the literature reveals certain limitations to the effective use
of citrates as antirachitic agents for infants (1-6), it is well known that,
for rats, citrates are definitely antiruchitic when incorporated in adeauate
amounts in high-Ca cereal diets (7-9). Their acetion with cereal rations
has been attributed to the formation of Ca complexes which prevent Ca
from interfering with the hydrolysis of phytie acid (8, 10). Iowever,
with noncereal rations which have inorganic P as the source of P, c¢itrates
have been reported to be ineffective (11}, Lately, however, an antirachitic
effect has been obtained with these as well (12). In view of the ability
of citrates to complex Cla, it remains to be seen whether they can be harm-
ful instead of beneficial under dietary conditions other than those which
have been studied.

In our presently reported experiments, citrates were incorporated in a
strongly rachitogenic, low-P, adequate-Ca diet from which Ca is readily
absorbed, but from the feeding of which a negative Ca balanee is induced
even when vitamin D is present (13).

EXPERIMENTAL

The diet fed was basically the noncereal low-Ca low-P (0.029,) diet of Bellin
and St enbock (14) modified by the addition of CaCOj; to a Ca content of 0.50%.
This diet was fed as such, and after the incorporation of 0.02 mole Na citrate and
0.02 mole citric acid in each 100 g. portion at the expense of glucose.? Both dicts
were fed, with and without vitamin 1), Vitamin DD was given to some of the rats

1 Published with the approval of the Dircctor of the Wisconsin Agricultural
Experiment Station, Madison, Wisconsin. This research was made possible by
funds provided by the Wisconsin Alumni Research Foundation.

? Cerelose.

58
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once every 3 days in the form of a solution of 75 1.U. of ervstalline vitamin D, iy
0.2 ml. of cottonsced oil. Food intake was restricted to 20 0 £. perrat per 3 davs so
that direct comparisons of the results from individual rats could be mude, As this
restriction was expected to limit differences in the degree of response, the identicen]
rations were also fed ad Iibitum to four additional groups of six ruts each for com
parative purposes.

The rats (Sprague-Dawley) weighed from 76 1o 50 g. They were housed in indi-
vidual wire metubolism cages. Urine and feces were collected at 3-day intervals
for 9 days following a preparative feeding period of 3 days. To avoid contamin:
tion of the urine with ration and feces, the rits were transferred to separate feed-
ing cages three times daily. The floors of these cages were provided with donble
thicknesses of 12 in. qualitative filter paper to prevent the loss of urine and foees
excreted and ration spilled during the feeding period. At the end of the eaxperi
ment, bladders and kidnevs were inspeeted for calenli which, when found, were
analyzed for Ca. These Ca values (0479 mg.) were added to the urinary (‘a
values of the last 3-day period of collection. Lithiasis was incident only in the
citrate groups in six out of eight rats when vitamin D was given, and three out of
eight rats when it was not given,

Urine and feces were wet -ashod by nitrie-perchlorie acid digestion. Ca analyses
were made according fo the oxalate method of Wang 715), and P analyvses by the
method of Fiske and SubbaRow (16).

REesvurts

It is seen (Table 1) that, with an almost constant intake of Ca, citrate
greatly increased the fecul excretion of Ca. When the absorption of ('a
was at a high level, as induced by vitamin D, the comparative effect of
citrate was Jess than it was under the more adverse conditions when
vitamin D was not given. Under these latter circumstances citrate pre-
vented completely the absorption of Ca in the early part of the experi-
ment.

The Ca balances (Table II) were negative when vitamin D was given,
as was to be expected from the work of Day and MecCollum (13) and,
as shown here, they were even more negative in its'absence. In the latter
case, citrate had no over-all effect beyond shifting part of the excretion
from the urine to the feces. But when vitamin 1) was given, citrate coun-
teracted the Ca-conserving effect, of the vitamin, and the loss of Ca wax
increased though not to the level which prevailed in its absence. It is
clear that the increase in the loss of Ca was caused largely by an inerease
in fecal excretion.

The P balances (Table II) can be evaluated ouly in relation to the
data presented in Table I11. It will be noted that citrate had no eflect
unless vitamin 1 was given. Under these latter circumstances the loss
of P was substantially increased.
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The values given in the table are averuge values from six to seven rats in cach group.

TABLE 1I
Effect of Citric Acid and Vitamin D on Ca and P Balances

Urinary Ca Fecal Ca | Ca Balance ‘ P Balance
Period 1 - | v -
With Without With | Without With | Without | With | Without
vitamin D | vitamin D | vitamin D ° vitamin D vitamin D {  ~yitamin D ) vitamin D vitamir D
days mg. mg. mg. mg. mg. mg. ! mg. f mg.
Without citric_acid , 5
4th-6th 55.6 62.0 46.9 72.8 -3.8 -28.6 | -3.1 E -6.9
7th-9th 55.5 55.7 41.4 77.8 +2.0 —28.1 | —1.8 —-5.1
10th-12th 64.9 '56.5 491 88.5 -8.6 —38.3 “ -2.0 . -3.8
i .
Total: 176.0 174.2 137 .4 239.1 —-10.4 —-95.3 L -6.9 —18.1
9 days (140.0- (161.8- (89.8- : (223 .5~ (+13.8)- (—&6.6)- E (—-5.1-  © (—13.8)-
215.5) 187.5) 181.0) | 255.5) (—26.3) (—101.0) | (—9.4) (—20.4)
With citric acid
4th-6th 53.0 37.7 76.1 107.0 —25.8 —-38.2 —4.1 -5.2
7th-9th 61.7 32.8 61.0 111 -17.2 —36.5 -3.0 —4.9
¥ith-12th 51.8 29.8 57.2 91.6 ; —-3.5 —11.2 —2.9 , —-3.1
Total: 166.5 100.3 104.3 3097 | —46.5 1 —ssa 1 —wo0 1 12
9 days (131.2- (61.3— (149.7- (292.3~ ‘ (—26.9)- 1 (—=31.6)- ' (~1.2)- (=10.5;-
! (—15.8

217.8) ; 315.7) 1 (—=68.1) I (—124.9)

(--14.3)

HLVHLIO A0 IOHA4d DINUDOLIHIVY
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60 CRAMFR, PORRATA-DORIA AND STEENROCK

*TABLE I
Efiect of Citric Acid and Vitamin D on Ca Absorption
The ration fed contained 0.5% Ca, as calcium earbonate, and 0.015-0.017, P,
Citric acid was added as 0.02 mole Na citrate plus 0.02 mole citric acid per 100
g. of ration. The values given in the table are averages from seven rats with the
exception of those for the group which received neither citrie acid nor vitamin I,
In this group the values from six rats were averaged.

l Net Ca absorbed

i Ca intake !
Period S - o
With vitamin D | Without vitamin D With vitamin D Without vitumin D
e e e e —_ e
days . mg. mg. i mg. g, o
Without | |
citric | ‘ |
acid ! .
shth | 957 L 1058 617 33.5
7th-91h ‘ 8.9 J 105.2 | 57.5 27.3
10th-12th 105. 4 ! 106.8 ! 56.3 18.2
Total: i 303.0 ! 317.8 165.5 79.0
9 days | {289.9-320.4) : (302.3-320.4) i (131.0-200.1) (64.9-90.0)

With citric |

acid | 1
Ath-6th 103.2 | 1065 | 7.1 -0.5
7th-0th 1056 0 1075 | 4.5 -3.6
0-12th 1053 1072 8.1 15.6
|
Total: ) EN 22 1.7 11.5
| (209.9-322.5) | (316.6-322.5) | (103.4-171.8) | (~23.2)-(+20.7)

The importance of the data in Table III in reference to the P balances
lies in the comparative gain in the weights of the animals. Citrate had no
effect on the gain 1n body weight in the absence of vitamin 1D, but when
vitamin DD was given, it reduced the well-known growth-depressing effert
of vitamnin 1) in rats fed adequate-Ca low-P diets (17, 18). Apparently the
extensive withdrawal of Ca from the skeleton liberated large amounts of
skeletal P needed for growth. It will be noted that the losses of P range
in value in the same order as those of Ca, although because of the use of
part of the P for growth they differ from the ratio in which Ca and P
occeur in the skeleton.?

3 This ratio is approximately 2.27 as calculated from data on the femur published
by A. E. Sobel, Morris Rochenmacher, and Benjamin Kramer, J. Biol. Chem. 162,

255 (1944).
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TABLE 111
I'ﬁ'ccl of ( tmr .lrui and Vitamin D on Growth, linnc Ash and .Serum Ca and P

; [ Body | T ‘i_m - o
\ | v«-rigf‘\\ ‘ ' ! Femur ush i ‘\'hl'x
Nitami , F ; hys | o . S
I e | FR e PO | e |5
i};;;, Gain | Initial® Final | Loss 0 |
i i i .
Equalized intike#
o 'S i <. | c ; mg. pn;x ‘_l mg ! mm. | me. G | mg. Co
Without U 8016454 — 1526 - — 112.6 (2) 12.6 (2)
citric ©~ + 79, 6 51.2 — !65.? Co-= - : 15.8 (2) | 3.8 (2)
acid Do ; i ! ; ’
With 0 176 i 18 1 45.7 b— , 52,41 — po— 12,0 (5) | 1.4 (2)
citric ; + 1 77 .11 483 f — 58.3° — ' — 114.6 (4) 14.6 (2)
acid |1 Lo L |

Ad Ubitum intaker

[ t

Without 0 0204 385421164116 119 (3) |24 (3)
citrie  + 7 f 114370600 573 270020152 @) 4.1 @
acid i \ ! : | ’

With 0 [ 77 38{283 585 3.6 19.9 18 110 () 2.9 @)
citic 4+ |77 33358 585 48.3 10.2 0.41159 (6) ! 3.7 (4)
acid | b ‘ i : :

i . i

° A\emge values obt uned on the 12th day from six to seven rats in cach group
except when designated by lesser numbers enclosed in parentheses.

b Average value from five rats for each group as received from the breeders.

¢ Average values obtained on the 21st day from six rats in each group.

The evidence for a rachitogenic effect of citrate as indicated by the
increase in the negative balance of ('a and P is supported by the reduc-
tion in bone ash as caleulated on either a dry weight or percentage basis,
and by the increase in the average width of the metaphyses. Serum Ca
and P were not affected, probably because of the short duration of our
tests.

SumMMARY

In studies with rats it was found that the absorption of Ca from a
vitamin D-free diet which contained adequate amounts of Ca (0.5%)
and a low supply of P {0.015 %) was greatly reduced by the incorporation
of Na citrate and citric acid. When vitamin > was added, in addition to

0480



RACHITOGENIC EFFECT OF CITRATE 603

the citrate, the absorption of Ca was inereased but the level attained was
still lower than when citrate was omitted. It is concluded from observed
negative Ca and P balances, decreases in bone ash, and inereases in mety-
physeal widths that citrate had a rachitogenic efTeet.

w
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The Effects of Citric and Phosphoric
Acids on the Teeth

L. M. DALDERUP
Netherlands Institute of Nutrition, The Netherlands

Dental caries was studied in albino rats which received various amounts of citric or phosphoric « iq
added to a dry, non-cariogenic food. The composition of this diet was, in percentages, as foll,
whole-wheat flour, 34.5; potato flour, 33.0; dried whole milk, 10.0; casein, 6.0; peanut oil, . ;
brewer’s yeast, 5.0; salt mixture (including tracc elements), 4.0; cod-liver oil, 0.5; linseed oil, « =
The diet was slightly acidogenic; the pH of urine was 5.87 + 0.03.

Three groups of 68, 19, and 6 animals, respectively, were used. The animals of Group I ranged in
age from 6 weeks to 7 months; those in Group H were 3 and 10 months old. The experimental dict
was initiated in Groups I and I at weaning. The experimental animals in both groups received either
0.5, 10, or 1.5 gm. of phosphoric acid per kilogram of food or 1.5, 4.5, or 12.0 gm. of citric acid per
kilogram of food. This 1:3 weight ratio between the acids (1:1.5 molar ratio) was based on the plj
and the taste of the agueous solutions. The animals in Group 111 were 1 year old at the time of caries
evaluation and 2 months old at the time the dict was initiated. The experimental animals in this
group received either 75 mg. of phosphoric acid or 312 mg. of citric acid per 10 gm. of the basal ration,
Control animals were included in all three groups. Non-decalcified, fuchsin-stained sections of the
jaw quadrants were subsequently studied for caries under a microscope (Intern. Z. Vitaminforsch,,
26:233, 1935).

None of the experimental animals showed severe lesions with defects of the enamel continuity in
the fissures or approximal surfaces. One of the control animals had a severe lesion in the second
upper molar on the distobuccal site, and it appeared to be a smooth-surface lesion. All the fissure
abnormalities were confined to a slight staining with fuchsin; whether this condition was pathologi-
cal or only a sign of not yut fully matured dental tissue was not determined. The approximal lesions
were chalkv white, with loss of enamel translucency. None of the acid-supplemented groups developed
more caries, on the average, than did the controls. However, the molars in rats on the acid-supple-
mented diets, especially those in animals receiving citric acid in the highest dosages, showed more
wear and attrition than did the molars of the control animals. Shallow or ncarly absent fissures re-
sulted in the older age groups. It was concluded that the enamel-staining properties were significantly
fewer in the two older groups than in the younger groups. No distinct differences were noted in the
fissure dentino-enamel scorcs, but scores of approximal enamel lesions were significantly higher in the
7.month-old group than in the younger animals.

The results in Group II were similar to those for Group 1. The enamel scores in the 10-month-old
rals were significantly lower than in the 3-month-old gzroup. The differences between the fissure den-
tino-ename! junction scores for both age groups were not statistically significant, nor were those of
the approximal surface attack.

After 1 year, no severe lesions had developed in Group 1T, in spite of the fact that these animals
were started on the non-cariogenic ration when they were 2 months old, the age prior to which they
had been fed a cariogenic stock diet known to cause many initial carious lesions in older animals
within a 2-month period.

Received for publication August 10, 1959; revised by author November 16, 1959.
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International Association for Dental Research

Organized: New York City, December 10, 1920. Of those at the meeting of
organization, the following remain active members: Adolph Berger, Theodor
Blum, G. W. Clapp, A. H. Merritt, B. B. Palmer, L. M. Waugh.

Objects (Const., Art. 11): The association has been established to promote
broadly the advancement of research in all branches of dental science and in
the related phases of the sciences that contribute directly to the development
of oral health service, and as a whole; and further, to encourage and facilitate
cooperative effort and achievement by, and mutual helpfulness among, investi-
gators in all nations in every division of stomatology to the end that dentistry
may render cumulatively more perfect service to humanity.

Membership: Total (March, 1959), 1,003. Eligibility —Any person who con-
forms to the recognized standards of professional ethics and whose interest in
dental science and dental research is shown by (a) research in process or con-
ducted in the past, (b) scientific papers based upon original research presented
before national or international meetings. or (c) scientific papers based upon
original research and published in scientific journals is eligible for nomination,
to membership of the IADR. Election.—New members are elected only on nomi-
nation by members and only by vote at the general meetings of the Association.
M ombership in a section or group does not con fer membership in the Association.
\mination blanks for membership in this association may be obtained from

- Secretary-Treasurer.

dowment fund of the IADR (as of October. 1939): $2,313.00.
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Citrate Metabolism During Surgery

WILLIAM R. DRUCKER, M.D.; JAMES CRAIG, M.D.; BRYANT KINGSBURY; NANCY HOFMANN, BS, AND

HIRAM WOODWARD, B.S., CLEVELAND

All postoperative patients are temporarily
diabetic, at least with respect to the assimila-
tion of exogenous glucose.! Generally, the
severity of the change in glucose tulerance
is proportional to the magnitude and extent
of the operative procedure.? Unless the post-
operative period is complicated by an infec-
tion or by conditions that preclude optimal
alimentation, a normal tolerance for lucose
1s reestablished usually within a week. In
marked contrast, there is no impairment in
the rate of assimilation of fructose either dur-
ing or after surgery in comparison with the
preoperative rate.?

One interpretation of these findings is that
surgical stress has some effect on factors re-
sponsible {or the cellular transport of glucose,
but it has no effect on the perweability of the
cell wall to. fructose. Another mterpretation
is that stimulation of the pituitary-adrenal
axis results in a humoral inhibition of gluco-
kinase with a consequent delay in the entrance
of glucose into the metabolic pool. The sep-
arate hexokinase of fructose may not be in-
Huenced by the postoperative altered humoral
rnvironment and therehy may provide for a
normal disappearance of the administered
‘ructose,

More recently, surgical stress has been
ound to alter the metabolism of both pyru-
svate and lactate.® In view of the postoperative
iecreased rate of assimilation for glucose,
"vruvate, and lactate, but not for fructose,

Presented at the 19th Anmnual Meeting of the
“entral Surgical Associution, Cincinnati, Feh. 21-24,
962,

This work was done, in part, during the tenure of
v Charles O, Finley  Scholarship, the American
College of Surgeons; currently Markle Scholar in
the Medical Sciences (e Drucker)

From the Departments of Surgery and Medicine,
Western Reserve University, Highland View Hospi-
tal, and the University Hospitals of Cleveland,

This work was supported in part by USPIS
firant No. A-1253.
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the suggestion was made that enzymatic proc-
esses are not uniformly disturbed by surgery.*
Rather, surgical stress alters specific meta-
bolic pathways. Clearly, additional study is
indicated to help elucidate the mechanisms
by which surgery alters intermediary metabe-
lism,

Previous studies have concerned substances
whose initial metabolism involves anaerobic
reactions in the Embden-Myerhof scheme of
glycolysis. B3 Since most of the energy pro-
duced by the mectabolism of glucose is de-
rived ultimately from reactions in the aerobic
Krebs cycle, it seemed reasonable to study
the integrity of these pathways. Accordingly,
the present investigation of oxidative metabo-
lism was made in surgical patients by a study
of citrate tolerance.

Methods

A series of 3 citrate-tolerance tests were per-
formed on cach of 5 patients who underwent elective
operations with general anesthesia. For several days
prior to the study, care was taken to provide an
adequate diet with supplementary vitamin-B com-
plex. Alimentation during and following surgery
was supplemented by intravenous infusions to insure
an intake isocaloric with the preoperative diet and
thercby to prevent a “starvation” type of diabetes
postoperatively.® The tests were performed after
the subject had rested for 12-18 hours.

The citrate tolerance tests were conducted by the
intravenous administration of a 2V4% solution of
sodium citrate with a constant infusion pump for a
period of 1 hour. The rate of administration was
calenlated on the basis of 0.063 am. of sodium citrate
per kilogram of body weight per hour. Ina series of
preliminary studies this amount of citrate was found
not to cause an alteration in electrocardiographic
Pattern or in the blood level of total calcium.  T'he
concentration of citrate in venous bood rose from
2 to 7 mig. per 100 mil, arise insufficient to produce
sSsmptoms of clinical tetany, It was calenlated to
provide a quantity of citrate for an average-sized
adalt, generally equivalent to that found in one liter
of bank blood,

Samples of venous hload were obtained through
wnindwelling Cournand needle prior to the start of
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Taptr 1= Comparisen of Fusting Concentration of
Carbohvdrate Intormediorics Before amd
Arter Surgery, My per 100 MIL*

Mem SENM. N »

Glurose

FPreop 85 2.8 12

Pa-top, 109 Yro 12 000s > >0.001
Lactie Acid

Preop ad +076 12 .

Postap. 21 zows g2 DT> P>00R
Pyruvic Adld

Preop. 080 =007 12

0.05 26

Postop. 120 woq1 1z M0AZP 0N
Citricacid

Preop 2,16 #0779 12

>08
Postop 189 095 12 p>0

¢ Abhreviations: 8 E. M. indicates stundard error of the mean;

N, nunmber of subjects.
Consiler values with p <0 35 significantly ifferent.

the citrate infusion and every 30 minutes thereafter
for a total of 3 hours. The blood samples were
analvzed for glucose and for pyruvic, lactic, and
citric acids. Urine was collected for the 3-hour
period of the test, but the guantity of citrate excreted
was small and did not vary significantly between
the 3 tests. Citrate was determined as citrie acid
by the pentabromoacetone method of Taussky as
modificd by Natelsen® The chemical methods for
the determination of glucose and of pyruvic and
lactic acids have been described previously!

Twelve patients were studied for the effect of
surgery on the fasting blood concentration of glucose
and carbohydrate intermediaries. The control speci-
mens were obtained 1 or 2 days prior to surgery,
and the postoperative specimens were obtained on
the first day after surgery. All operations were
perfarmed under general anesthesin exclusive of
ether.

In order to determine the reproducibility of the
citrate tests, 2 subjects not operated on had citrate-
tolerance tests performed on 3 different days. The
results of each of these serics of 3 control tests are
recorded in Table 2. When the study of the cifect
of surgery on citrate metabolismm was undertaken,
the initial, or control-tolerance test, was completed
1 or 2 days prior to surgery. The sccond test was

ARCIIVES OF SURGLERY

started one-half hour after the comencement of
the operative procedure. The third and final toleranee
test was performed carly in the morning of 1l
first postoperative day.

Four of the patients were anesthetized witl,
thiopental sodium  (Pentothal), nitrous oxide, ad
evelopropane; 1 patient had a spinal anesthet,
Previous  studies  showed  that  the quantity o
thiopental soditm used in these tests does not cau.
an alteration i carbohydrate metabolism* Al
more recently we have not found a disturbance i-
carbohydrate metahalism during cyclopropane ane-
thesin.  The 5 operations included 2 subtor.
thyroidectomics for nontoxic multinodular goite
an abdominal laparotomy for an appendectomy i
hilateral oophorectomy, an extensive pedicle i
for repair of a leg ulcer, and a Dbilateral inguin
herniorrhaphy. A previous study clearly indicat.
that the trauma involved in a unilateral hernio.
rhaphy under a spinal anesthesia is sufiicient to caus.
a postoperative abnormality in glucose tolerance’
It was considered, therefore, that the operativ,
trauma in cach case of the present study was sui-
ficient stimulus to evoke changes in metabolism.

Results

The mean values (= standard error)
demonstrating the effect of surgery on the
fasting blood cuncentrations of carbohydrate
intermediaries are listed in Table 1. These
data, derived from 12 subjects before and
1 day after surgery, indicate there was a
statistically significant rise in the blood con-
centration of glucose and of pyruvic and
lactic acids, but no significant change in the
blond concentration of citric acid.

Results demonstrating the reproducibility
of the citrate-tolerance test, which was em-
ploved in this study, are recorded in Table 2.

When the citrate-tolerance tests were per-
formed in 5 patients during and after sur-
gery, no significant difference was found in

TapLe 2—Citrate Tolerance n ?‘ Successive Control Tests: Citric Acid, Milligrams per 100 M{*

Time (Minutes)

Date ] 30
12/23 27 6.4
Control 1 172 1.9 6.1
1/9 21 i4
/21 23 8.5
Control 2 1/28 17 6.9
2/4 2.2 7.3

60 90 120 150 180
83 4.6 35 33 34
8.6 49 3.4 26 32
8.6 39 29 28
7.8 48 3.5 2.8 2.5
7. ae 29 23 22
8.8 4.5 32 2.8 2.5

* A solution of 2147, sodiuin citrate given intravenously for 1 hour on the basis of 0 065 gm /kg.

1"0l. 85, Oct., 1962 50
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10 - Pre-op
V. CITRATE .
08 _gm/kg/hn  — During surgery
8 - — Post-op
CITRIC
AclD 8 7
mg per
100 mi .
2
' control 30 90 180

TIME ~ (minuies)

3

Fig. 1--Fffcet of surgery on citrate metabolism (mean rise above control, 5 patients).

A statistically significant difference was
found in the response of blood glucose to
citrate infusion during surgery. In compari-
son to the preoperative study, the mean glu-
cose levels were found to be significantly

comparison with their control preoperative
tests. The lack of statistical significance in
these tests is illustrated in Iigure 1 by the
thin lines which represent the standard error
of the mean for the 3 patients.

0o 'V CITRATE 3
.06 gam/kg/hr . ‘
+ 15 \
O om0
\0 \
10
GLUCOSE
5
Lo Nmmseemavecen -----x.,“_...'
mqg per ""',( —
100 m! ° “ u««
..... * ‘nn
............. ... -\.--......
.................. T
-5 e T I
T T - : , ‘
* 60 90 120 150 180
TIME {minutes) Kevenrins « Pre-op

During surgery
Post-op

Fig, 2—Blod glucose during eitrate infosions (mean chamee from control, 5 patients)

51 ricker et al.
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Tanr 3 Blood Concentration of Carbohydrate Intermediaries During Citrate Tolerance Tests:
tMean Change from Proinfusion Concentration for 5 Subjects) *

Thie Afrer

Start of Gluvose Pyruvie Acid Lactic Acid * Inorganic Phosphorus

Tafusin - —ee o - oo Cmm e e e e A e e e e e e e e

Aan) I'reop Op. Postop.  Preop. Op. Postop. Preop. Op. Postop. Preop Op. Postop.
kY] -3¢ 1 [4 01 0.1 —0.3 -0.3 - 0.6 03 0 02 —0.5
ta) -1 " 4 0 03 -04 -0.9 - 0.2 —1.0 —0.8 02 -0.1
iU -8 17 4 —0.1 0.2 —0.2 —-14 -0.3 —1.5 -~0.4 (1} —0.2
(R4 -3 14 2 —0.1 01 -0,2 ~1.8 - 1.2 —1.8 -0.3 —0.3 —0.6
150 -7 11 -3 0 6.1 -0.2 —2.1 —24 —0.3 —0.6 -~0.1
180 ~4 ¥ —4 0 a -0.2 —2.8 —20 -0.2 —~0.5 —0.8

* 214% sodium citrute given intravenously for 1 hour on the basis of 6.065 gm /kg.

t Mean values of 4 subjects.
§ Comparison of preoperative with operative tests p <0.05,

elevated 30, 90, and 150 minutes after the
start of the citrate infusion on the day of
surgery, p<0.05 (I'ig. 2 and Table 3). On
the day after surgery the glucouse levels did
not fall as rapidly with the mfusion of citrate
as in the preoperative tests, but the mean
differences between the 2 tests were not sta-
tistically significant.

Lactic and pyruvic actds and serum inor-
ganic phosphorus fell less with the adminis-
tration of citrate during surgery than during
the preoperative tests ( Fig. 3). Although the

« tv. CITRATE |
. 06 gm/kg/hr,
+2
+)
LACTIC
ACID
mg per
100 mi

changes were consistent, the mean differences
from the pre- and postoperative tests were
not statistically significant (Table 3).

Comment

During the past quarter century, it has
become well established that citric acid
metabolism is intimately related to carbohy-
drate metabolism in plants, animals, and
man.” The rate-limiting step between the
Embden-Myerhof anacrobic scheme of gly-
colysis and the Krebs tricarboxylic acid cycle

-3 T Y ) . ' .
0 30 60 90 120 180 180
TIME (minutes) Kevanse x P’"W

Xemesesk Pogt-op

Fig. 3.—l.actic acid during citrate infusions (mean change from control, 5 patients).
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is the availability of oxaloacetate (Fig. 4).
Ordinarily, one 2-carbun molecule of acetyl-
Co-A combines with a 4-carhon molecule of
oxaloacetate to form a 6-carbon molecule of
citrate, Subsequent oxidative reactions liber-
ate 2 molecules of carbon dioxide and re-
form one 4-carbon molecule of oxaloacetate.
Thus, for each cycle there is no net gain of
xaloacetate.

When an additional source of oxalnacetate
is provided by the exogenous administration
of citrate or acetate, additional quantitics of
acetyl-Co-A may be metabolized.# In turn.
the flow of pyruvate to acetyl-Co-A, of lactate
to pyruvate, as well as of glucose to pyruvate
may be accelerated. The net result would be
the fall observed in the concentrations of
blood glucose and of pyTuvic and lactic acids
with the preoperative infusions of citrate
(Figs. 2and 3and Table 3). The concomitant
slight fall in serum inorganic phosphorus sug-
gests that formation of high-energy organie
phosphate compounds is also increased by the
administration of citrate.

Due to the many alterations in the humoral
environment that occur with surgery, the
response to citrate infusion during surgery
i= more difficult to interpret. Iailure to find
a significant change in the rate of assimilation
of exogenous citrate suggests that the tricar-
boxylic acid cvcle is capable of normal func-
tion both during and after surgery (Fig. 1),
But the increase in the fasting concentration
of venous blood glucose and of lactic and
pyruvic acids clearly indicates that surgery
causes a disturbance in intermediary metab-
olism at a time when the metabalism of citrate
is apparently normal (Table 1)-—at least
normal by the criteria of no alteration in
citrate tolerance as well as no elevation in
the fasting blood concentration of citric acid.

Similar changes in blood glucose and in
pyruvic and lactic acids have been found in
patients maintained on high doscs of corti-
sone or in patients with Cushing's syndrome,
Henneman and Bunker have ascribed these
changes to inhibition of the conversion of
Pyruvate to acetyl-Co-A by the 17 hydroxy-
corticosteroids.® In view of the normal con-
centration of citrate and e-ketogluterate as

53 Drucker ot al.
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well as a normal change in the concentration
of buth ketones and total fatty acids after
vlucose administration, they considered the
tricarboxylic cyele 10 be unaffected by the
high levels of 17 hydroxycorticosteroids.?
Natelson's studies indicate that the metab-
olism of citrate ix also independent of in-
sulin action **

Thus, insofar as integrity of citrate metab-
olism reflects normal function of the Krebs
cvele, the rexults of the present study indicate
that the reactions of the Krebs cycle are not
inhibited by the postoperative altered humoral
state (Iig. 1). The rise in blood glucose found
when citrate was infused during surgery, as
opposed to the fall in glucose with citrate
administration Preoperatively, may reflect an
ncreased conversiom of Krebs cycle constit-
uents to glucose in the presence of impaired
glucose assimilation (Fig. 4). The less
marked rise in glucose with citrate adminis-
tration on the first postoperative day in com-
parison with the test during surgery reflects
a less severely disurganized metabolic state
with less conversion of Krebs cycle constit-
uents to ghucose.

The decreased fall in lactate with citrate
infusions during surgery may retlect inhibi-
tion of the conversion of pyruvate to acetyl-
Co-A by 17 hydroxycorticosteroids ‘as well
as less available oxaloacetate to combine with
acetyl-Co-A, due 1o the diversion of Krebs
cyele intermediates, such as oxaloacetate to
glucose (Figs. 3 and 43,

These results, in conjunction with the pre-
vious studies of glucose, fructose, lactate. and
pyruvic tolerances. therefore suggest that 2
sites of metabolic inhibition occur after sur-
gery «Fig. 43, One site probably hmvolves
the assimilation of glucose; the other involves
the conversion of pyruvate to acetv]-Co-A.
From & practical point of view, these results
suggest that the intravenous administration
of citrate would be useful for alimentation
in the postoperative patient. The question
of toxicity of citrate naturally arises, although
no alterations were found in electrocardio-
gram or serum calcium or blood pIl in the
course of the present studies. Exceedingly
high Tevels of itrate have been recorded i
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Fig. +—Proposed sites of metabolie
mhibition produced by surpery

patients who received large volumes of blood,
and in some instances these very high levels
have been thought toy contribute to the death
of the patient.!! Others have not observed
citrate toxicity despite the administration of
large quantities of blood and the rise of citric
acid to tevels over 100 mg/100 ml.* Should
citrate intoxication occur, it is primarily a
reflection of a deficiency of tonized calcium.
While the present studies idicate that sur-
gery and anesthesia do not increase the possi-
bility of citrate intoxication, it does seem
reasonable to administer supplementary cal-
cium if large quantitics of citrate are given,
This would be particularhy true i1 further
study indicates optimal postoperative alimen-
tation would be achieved by the use of sodium
citrate. Since most of the energy for hody
processes 1s devived froni reactions in the
Krebs citric acid cvele, and since there is no
apparent alteration i the function of this
cycle after surgery, a therapeutic use for
citrate may be idicated.

Summary and Conclusions

1. The ability of man to assimilate exoge-
nous citrate 1s not altered during or after sur-
gery with general anesthesi

) [l

~=tp  Triose- Po;

Pyruvats

Loctate

< i BLOCK
Acetyl-CoA
/ Krebs

Oxaloocetate

Tnicarboxyhc Acid Cilrote
Cycle
CO2
€0,

2. On the basis of the present work and
previous studies with glucose, fructose, lac-
tate, and pyruvate, it is suggested that surgery
causes inhibition of 2 pathways in intermedi-
ary metabolism, but no impairment of the
Krebs citric acid cycle.

3. Since most of the energy for body func-
tion s produced in the citric acid cycle, a
possible therapeutic value of citrate is con-
sidered,

We wish to express our appreciation for the

hclpful suggestions of Dr. Max Miller and for the
seerctarial assistance of Mrs, Janet Mitchell.

Willian: R, Drucker, M.D., Department of
Surpery, Western Reserve University, Cleveland,
Ohio.
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A STUDY ON THE COMPARATIVE TOXIC EFFECTS OF CITRIC ACID
AND ITS SODIUM SALTS
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Department of Pharmacology and the Charlotlc Drake Cardeza Foundation,
Jefferson Medical College, Philadelphia, Pennsylvania

Received for publication May 25, 1948

Since the introduction of citrated blood for transfusion in 1915 by Lewisohn (1),
there has been considerable study as to its value and its disadvantages. In the
original work, the relative safety of the procedure was demonstrated first in dogs
and then in man. Following this, much was done to improve the technique and
thereby reduce the number and severity of the untoward reactions. In recent
years under the stimulus of massive transfusions of citrated blood for treatment
of extreme shock produced by hemorrhage, there has been much study and specu-
lation as to the occurrence of citrate intoxication (2). However, there appar-
ently have been no compurative studies as to the toxicity of citric acid and its
sodium salts s measured by the LDss, although anticoagulant acid citrate dex-
trose solution is U.S.P. The following work was undertaken to determine the

LDy, for citric acid as well as for its sodium salts.

Metnop. White mice, albino rats, rabbits and dogs were used as experimental animals.
Equal molecular conceuntrations of citrate in the forms of citrie acid, monosodium citrate,
disodium citrate, and trisodium citrate were compared. Five hundred and ninety-nine
Molar solutions were made in four hundred and seventy -
seven mice weighing between 14 and 28 grans with an average weight of 19 grams. Three
hundred and eighty-four intraperitonesl injections of 0.351 Molar solutions were made in
two hundred and ninety -nine rats weighing between 85 and 170 grams with an average weight
of 120 grams,  Three hundred and sixty-one intravenous injections of 0.0110 Molar solutions
were made into the tail veins of two hundred and seventy-nine mice weighing between
14.5 and 28.5 prams with an nverage weight of 22 grams and in these the whole dose was given
witlin a few seconds.  One hundred and filty-cight intravenous injections of 0.477 Molar
solutions were made into the lateral ear veins of one hundred rabbits weighing between 1.75
and 2.75 kilograms with an average weight of 1.95 kilograms. Here a constant injection
rate of 0.75 ce./minute (0.355 millimoles/minute) was used. The 1D, was determined with
rach method of administration for citrie acid, monosodium citrate, disodium citrate, and
trisodium citrale by the method of Reed and Muench (3).

Eighty intravenous injections of 0.25 Molar solutions were made into the tail veins of
¢ighity mice weighing between 19 and 29 grams with an average weight of 24 grams.  Twenty
mice were used for each compound.  In these experiments the injections were made at n

constant rate of 6 ec./minute and continued until the animals died. The individual lethal
iwinjected were averaged for each

intraperitoneal injections of 0.0477

doses in millimoles per gram of each of the citrate solutior
twenty animals, and the standard deviations determined.

Under ether ancsthesia lumbar cordotomies were performed on seven dous weightng
between 10 end 15 kgm.  As soon as the animals recovered from the anesthetie the left
femoral artery was caunulated and connected to n mercury manometer using heparvin asthe
anticoagulant. Four animunls received trisodium eitrate (2.94 grams. kilogram /100 e b sl
the other three were given cqual molar quantitics of citric actd (2,10 grams= kilogram /100
¢e.) intravenously at a constant rate of 0.67 ce./minute until death resulted.
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ResuLts.  The visible responses of mice, rats, rabbits and dogs to toxic doses
of citrie acid, monosodium citrate, disodium citrate, and trisodium citrate were
similar and consisted primarily of increased general activity, hyperpnea, vaso-
dilatation of the peripheral vessels, salivation, muscle twitching, clonic and tonic
convulsions, evanosis, Cheyne-Stokes respiration and some deaths. In all of the
animals receiving single injections except those injected intraperitoneally with
citric acid, if recovery occurred it was apparently complete within a few minutes.
These findings are explained adequately by the fact that there is formation of
double salts with calcium which do not liberate calcium ions (4).

Since this is intended as a comparative study the doses are expressed in milli-
moles/kilogram in table 1 instead of the usual grams/kilogram. Because the
molecular concentration of the citrate ion was kept constant, in so far as citrate
1on effect is concerned, the 1.D;o deferminations of the various salts can be com-
pared directly.  Citric acid and its sodium salts have the same toxicily when
given slowly intravenously to rabbits (see table 1).  When citric acid was given

TABLE 1
The toxicity of citric acid and its sodium salls in millimoles/kilogram as measured by means
of the LDy,

! MONO- | TRI-
ANIMAL ‘l No. ! ROUTE OF ADMINISTRATION : c:‘xg:)c ‘ g;x;x::;; Dé;ii‘;;_?‘ ;c;x;x&:
Rabbits 155 Intravenous at rate of 0358 | 152 1.6 | 177 1.74
! ‘ millimoles/minute , !
White mice @ 361 | Rapid intravenous o222 | 023 | 030 0.66
White mice 594 i Intraperitoneally I 5.0 J 7.6 7.5 5.5
AMbino rats 384 ¢ Intraperitoneally ; 46 | 6.3 7.3 6.0

intraperitoncally to rats and mice a number of animals died as long as one week
after recovery from the immediate toxic effects, Gross post-mortem ex-
aminations performed npon many of these animals did not reveal the cause of
death. If these compounds are mjected rapidly intravenously in mice significant
differences in the toxicity are observed (see table I). It would appear that the
aeid rather than the citrate part of the molecule is the cause of this difference
in toxicity,

In those experiments on mice in which intravenous injections of 0.25 Molar
solutions were made at a constant rate of six cubie centimeters per minute (1.5
millimoles of the drug per minute) no significant differences in the averages of
the individual lethal doses were noted.  In the 80 experiments (20 for citric acid
and 20 for each of its sodium salts) the average dose necessary to kill all of the
animals with the standard deviation was 2.08 -+ 0.11, 2,01 + 0.09, 2.21 + 0.10,
and 2.24 = 0.51 for citric acid, monosodium citrate, disodium citrate and tri-
sodium citrate respectively.

In the experiments on dogs in which blood pressures were recorded there was
a gradual fall in blood pressure during citric acid injection until near death when
the pressure fell precipitously to zero.  When sodium citrate was used the blood
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pressure remained fairly normal during the injection until just prior to the death
of the animal when it fell abruptly to zero.

Discusston. There are four criticisms to drawing any conclusions as to the
effect of citrated blood for transfusion purpeses in man from our results: first,
our results were obtained from animals and may not be direetly applicable to man
on a kgm./kgm. basis; second, these animals were injected with pure
drug, whereas, the ctirate solution may be altered by the presence of the blood
for transfusion ; third, the rate of injection in these animals was much more rapid
in millimoles/kgm./minute than would ever be given to man in the form of
citrated blood; fourth, the patients are not well at the time of transfusion.

Theoretically, ignoring the above criticisms and assuming the LDso for man
to be about 1.75 millimoles/kgn., or near that for the slow intravenous injection
of rabbits, about one liter of anticoagulant acid citrate dextrose solution U.S.P.
would have to be given to a 70 kgm. man in a 15 minute interval or less in order
to cause the demise of one-half of the patients so treated.

SUMMARY

1. The train of symptoms following the administration of citric acid and its
sodium salts in toxic quantities appears to be identical with that of calcium ion
deficiency consisting of increased general activity, hyperpnea, vaso-dilatation of
the peripheral vessels, salivation, musele twitching, clonic and tonic convulsions,
cyanosis, Cheyne-Stoles respirations and some deaths.

2. The LD, for citric acid, monosodium citrate, disodium citrate and trisodium
citrate in millimoles,kgm was as follows: intravenous administration in rabbits
1.72, 1.76, 1.77, and 1.74 respectively; for intravenous administration in mice
0.22, 0.23, 0.30, and 0.66 respectively; for intraperitoneal administration in mice
5.0, 7.6, 7.5 and 5.5 respectively; and for intraperitoneal administration in rats
4.6, 6.3,7.3, and 6.0 respectively.  These results suggest that citrate intoxication
in massive transfusions does not occur.

We wish to thank Dr. Charles M. Gruber and Dr. Harold W. Jones for their
assistance.
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Safety of Adinic Acid as Compared withi
Citric and Tartaric Acid
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Increased usage of adipic acid as a food additive has prompted the comparison of it

with citric and tartaric acids.

Acute and chronic administration to laboratory animals

has shown that adipic acid is comparoble to these acids and is o safe food additive.

Ammc acm (1 4-butanedicarboxylie
acid}), ciric acid (2-hvdroxyv-1.2.3-
propanciricari. oxwvlic acid). and tar
acid  (1.2-hydooxy-1.2-ethanedicarbox-
ylic acid) are s:raicht chain organic acirds
of 6, 5, and 4 carbon atoms, respectively,
Adipic acid has no substituted groups,
citnic acid has both 4 hvdroav and cae-
boxylic group substitaied on the second
carbon, while 1artaric acid has a substi-
twted hydrexy eroup on both the first
and sreond eacbens, Of these arids,
only adipic is nonhveroscopic.  Because
of the increzsed interest in their uvse a1
food addiiives, the foliowing work was
undertaken,

Review of Av:ilable Liferciure

Ruse (710. 771 is responsible for several
investizations m the course of which
he found that, following subcutancous
administration, adipic acid was mildlyv
imitating to the kidnevs, while glutaric
acid (1,3-properedicarboxvlic anid} was
nephrotoxic. T 1923, Kose and co-
workers (72} concluded from their in-
vestizations that none of the higher
homoless wert” irritating to the kid-
revs. Corley and Rose (7)) exarmined
19 ditferent acids for nephiotosiciiy but
found that onlv three— tartaric, mucic,
and clstaric--exeried pronvunced toxic
iy, Murie acid is wwrabvdrea acipic
acid. These zmhers concluded that:
The number of corbon awms per se,
Present in a dicwbexylic acid has no
reliiion to its toxicity; the inwoducion
of & hydroxy er ketonic gronp oo the
: catbon of olyarie acid destrovs
i cts; and the oo

1€ the i
vat lacer, rlandiing and Nichol-
direeted piiivs oward ovale
this  apuacent  disc i

ir actds woich ross
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homologs of 1he series could be defi-
nitely identified as retained crveials at
the site.  Based on these observations.
at least a portion of the difference in
renial toxicity micht be dus o poor
alcorption of adipic acid and the higher
heologs:  their work counrrmed the
nephrotoxicity of elutaric acid. How-
ever, following subcutaneous adminis-
travon, llawhenwdcer (4) recovered
approximatety  30¢;  of administered
adipic acid in the urine.

Ly 1942, Enders (23 reported that
adipic acid, czelaic acid (1.7-heptane
dicarboxivlic acidi, and sebacic acid
(1,b-octanedicarbo<vlic acid) are only
slightly toxic when given in large single
oral dmes to rabbits. or when fed daiiy
to rats over a lone period of tme.
Fxcretion of hese acids in the urine of
raws showed adipic acid to be more slowly
excreted than the others

Simola and Kesunen (75 fed the
sod.um salts of a series of oreanic acids
in single doses to adult rats and an-
alveed the urine for increased citric
and  hetonic  acid  excrerion. Al of
the acids studied increased both  the
citric and ketonic acids, but the in-
crease was slizht with adipic acid.

Eoth Harsor (7) and Weiwel (74),
in their studics on the urinarvy recoverv
of orally administered adipic acid o
humnans, concluded that decompeosidon
took place in the bedy with smali
amounis being more cowpletelv cata-
belired than lurze amouns.

An unpublished repert by Foulger
(7} is of paricular interest from a prac-
tica! standpoint as it presents the re-
sules foldowing the repeziend ad:niniara-
tion of relauvely large doses of adipic
acid. horanere rapn fotled w0 gain
weivht properly whenr oiven 033 to
1330 ;o per k. Fiwzhuzh and Nelon
{3} reporied Z-vear rat fesdicg expen-

merts o severak acds, includine ar-

o acid, wiich they found wa

M concenirations up to

r and Halbeisen
Intr e perl

fouoving

clate i owith poanraerien
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The intraperitonea! administration of
adipic acid resulted in extensive irrita-
tion and adhesion of visceral organs.
A rapid intravenous in‘ection of citric
acid in mice resulted in an LDg of
0.22 millimoles per ka. When the in-
jection was made at the rate of 1.5
millimoles of acid minute unul
the animals died, the average LD,
was 2.038 millimoles per kg.

per

Experimenial

Acute Oral Administration. Male
albino mice were used in this study. A
3€¢ aqueous solution of adipic acid. kept
at bodv temperature, was tried but
proved impractical as sufficiently large
does to determine an LDjy could not
be administered. Therefore, a 67
suspension of adipic acid in 0.5 methvi
ceilulnse was administered orailv. re-
sulting in an LDj of 1900 ma. per ke
or 120 millimoles per kg. (Table I}
Autopsy of the animals that died showerd
distention of the stomach and email
intestine, with a spastic conceatration
of the caseum. Irrftatdon and heas-
orrhage of the intestines were noted.
Initial mortalitv developed overnisghe
and deaths continued throughout the
first week. after which survivors apneared
normal.  All animais were sacrificed
after 10) dass.

Acute Intraperitoneal Administra-
tion. A few mice were given leiial
doses (674 and 900 me. per kg of a 37,
aqueous solutinn of adipic acid intra-
peritoneallv, These mice showed de-
pression immediatelv and. at auto
the intestnes appeared nritated an
the lungs appeared hemorrhazic.

Male albino rars were glven a 26}
aguecus solikion of adinie acid iniza-
peritenealiv (Table I). Meraliny oc-
curred during the first 3 davs,
LDs was 275 mg. per kz. {(L.3s m
moles per kg.). Animals  that
cumbed showed rorriasic lune
irritation of the ino
vivess, secnticed 1w
traton, siowed extrasic
adocsiong of tie e

Acute Intravencus
Intrasenons injecton o
dosage levels, ar a ruw o

o nd, Wi :";

d

RIWIRN

10, OCTOBER 1957



v

Table I.  Acute Toxicity of Adipic, Citric, or Tartaric Acid to Male

(Dosages are as the acid.  Values

Dose,

Mg.[Kg.

175
200
225
250
300
350
400
450
475
500
650
675
700
1500
2000
2500

LDy, mg. /ke.
Contidence linits.

k

mng./ke.
LDge, millimoles/kg.

Albino Mice or Rots

tested)
_____ Adipic S
Intra- Inira-
Orald, peritoneal’, venous®,
mice rots mice
1/7
4,7
6,7
4/13
7/13
8/13
3/13
8/13
9/13
1900 275 680

1640-2200 193--392 653-708

13.0 1.88 4.65

a 69, suspension in 0.57¢ methyl cellulosc.
8 304 aqueous solution.
¢ 297 aqueous solution.

venous’,

190-217

Citric,
Intre-
Mice

2/13

6/13
10/13

3/3

203

1.07

are the number of animals dead per number of animals

Tortaric,
Intra-
verous’,
Mice

0/3

0/2

1/13
2/13
9/13

485

462-509
3.23

Table II.

{Controls received the basal diet.

indicated percentage of the adipic acid or citric acid)

Average Body Weight in Grams

Summary of Average Body Weights of Albino Rats

Other animals received the basal dict containing the

Females
S . Males Adipic
Adigic Acid Cifric Acid acid,
Week Confrol  0.1% 1% 3% 5% 3% 5% Contiol 1%
0 59 o1 63 3} 57 62 61 49 48
8 269 280 265 224 182 239 275 178 175
16 225 333 320 276 233 298 278 222 213
24 361 374 354 309 264 329 320 242 233
32 377 9 376 329 291 328 339 257 249
40 297 407 401 357 314 370 361 279 263
48 423 433 421 372 322 393 377 275 270
56 428 447 436 380 33/ 400 3X8 286 277
04 420 455 456 385 330 407 . 40 295 284
72 407 447 43 385 336 400 349 301 288
80 408 441 450 383 349 411 391 313 301
88 413 448 432 398 344 411 g 309 303
96 432 424 436 396 354 409 393 318 308
104 440 417 447 400 360 417 397 321 304
Table ll. Summary of Data for Albino Rats Receiving Basal Laboratory

Diet or Basal Dietl of Adipic or Citric Acid for 2 Years

(Per cent of survival based on length of survival as well as mumber of animals)

Level

Control

Adipic acid
0.1
1%

39
¢
. 5%
Citric acid
3%
[N

Sex

hY
¥

M
MM
I

M
M

M
M

No.

MSfarf

20
10

20
20
19
20
20

20
20

Food
Av. Body Consumed,
of Rats — Weight, G. | G., Mg,
Finish Initial Final  Av./Rot{Day Av./Rat{Day

8 59 440 16.8
B 49 321 14.2
13 61 417 17.0
15 63 437 17.5
17 48 304 15.8
16- 61 400 16.8
15 57 360 15.8
14 62 417 17 .1
16 [} 397 15.7

Compound
Consumed,

17
175
158
505
814

512
784

.0

Survival,

%

82.5
98.9

87.
94 .
92

N
SRRV S |

92.6
95.0
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citric, or tartaric acid yielded 17,
values of 680, 203, aud 445 mu. per Ko
respectively (4,05, 104, and 323 .
moles per kg). The results of these
experiments are presented in Table [
These acids caused hmnediate, convyl
sive deaths, probably due to acute acidy.
sis as the pll of the solutions was 3.08,
2.50, and 2.53, respectivelv,  Autopsy
showed hemorthagic lungs Lut g
other gross pathology. In survivor
recovery was apparcutly complete g
there were no latent deaths.  Statis.
tical analysis was done by the meth.g
of Litchficld and Wilcoxon (9).

Chronic Feeding., Young male and
female albino rats of the Carworth Furig
strain, having approximate mecan iniia
weights of 60 and 50 grams, respectively,
were selected at random for use in thege
studies. All of the rats were housed
individually in cages with wire mesh
floors elevated above the droppings,
The animals had free access to food and
water at all times.

Groups of rats were placed on cither
the basal laboratory diet or the basal
diet containing either adipic acid or
citric acid, as follows:

Group Moles  Femoles

Basal laboratory diet

used as control 20 10
Basal diet containing

0.1, adipic acid 20 0
Basal diet containing

19, adipic acid 20 19
Basal diet containing

39, adipic acid 20 0
Basal diet containing

59 adipic acid 20 0
Basal dict containing

39, citric acid 20 0
Basal dict containing

5% citric acid 20 0

The body weights and food consump-
tion of all rats were recorded at weckly
intervals during the course of the studv.
In addition, weekly obscrvations were
made of the general appearance and
condition of each animal. Whenever
possible, gross autopsy was performed
on those animals that died during the
course of the experiment.

After 2 vears on the respective diets,
the surviving rats were weighed, sact-
ficed by a blow on the head, and ex-
amined for gross and microscopic pa-
thology. The brain, thyroid, lungg, heart,
liver, spleen, kidneys, adrenals, stomach,
and testes of approximately hall of
each group of males were weighed.
The kidneys, spleen, liver, and heart of
each female were weighed,  Nicro-
scopic  examination of the followimny
tssues were done ona representalive
number of animals of cach  group:
thyroid, lungs, hecact, liver, spleen,
kidueys, adrenals, stomach, small -
testine, large intestine, pancreas, bone
marrow, iestes or ovarvics, and uterus,
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Males. The average body weights
for the male vats are tabulated in Table
11 for cach 8-week interval.  ‘Through-
out the entire 2-year study, the 0.1 and
1% adipic acid groups were comparable
with the control groups. Dusing the
rapid growth peioad, the weight raing
of the 3 and 5¢; adipic acid and the
3 and 5¢% citric acid groups were signifi-
cantly less than the control grouns; how-
ever, there was no significant aitlerence
among these four test groups. "Chrough-
out the Jatter half of the study, the av-
erage body weights of the various test
groups were not remarkable— although
the 5% adipic acid group wus consistently
the Jowest.

Table I presents a summary of food
and compound consumed and survival
data for the entive 2-year feeding period.
There was only a slight, but consistent,
reduction in food consumption by the
50, adipic acid and 577 citric acid
groups.  Other test groups were coin-
parable t» the control group. The
per cent survival for cach test group
was better than the control group.

Autopsy data for the male animals
that dicd during the course of the 2-vear
feeding program and Jor the sacrificed
rats were incidence  of
tumors and/or Jung pathology. To be
included in the following table, a tuimor
must have presented gross evidence of
being a new growth.

avalvzed  for

pound. Soft edematous testes  were
noted at least as frequently in the con-
trols as in the experimnental animals,
There was no significant diflerence in
organ  weights  of the experimental
groups vs. the controls.

Miecroscopic examination of thyruid,
Jungs, heart, liver, spleen, kidneys,
adrenals, stoniach, pancreas. bone mar-
row, and large and small intestines
revealed  these  tissues to be  within
normal limits in all groups of male rats.

Females. 'L'he average body weights
for the female rats arve tabulated in
Table 11 for each 8-week interval while
food and compound consumption, to-
gether with survival data, are presented
in Table I1l. 'I'here was no significant
difference  between  the hody  weight
gains or food consumption for the two
groups.

In the last 6 months, the animals ex-
hibited signs normallv associated with
advancing scnility in rats. There was
an equal incidence of blood-tinged crust
about the eyes and noses, unthriltiness,
and body sores in both groups. A few
control and experimental animals had
alopccia, and onc  experimental  rat
appeared 0 develop a middle car in-
fection during the 102nd week.  The
average weight of the kidneys, spleen,
liver, and heart, together with organ-
to-hody weight ratios, appeared to be
within normal limits.

One experimental and two control
animals dicd during the final 6 months,

0994

Discussion

The results of the above experimenta
indicate that adipic acid is significantly
less toxic than tartaric or citric acid
following intravenous administration to
mice. The doses were caleulated  as
milligrams per kg. and as millimoles
per kg, The action of these three acids
appears comparable.

No direct comparison of the intrave-
nous toxicity of citric acid in these tests
and those reported by Gruber and Hal-
beisen (0) is possible because they used
a faster rate of injection. The Ll
values of 1.06 millimoles per kg, oh-
tained in this experiment is midway
between the LDy, and the LD of
Gruber and Halbeisen.,

Single oral administrations of an al-
most saturated solution (3%) of adipic
acid did not causc appreciable mortality
in tolerable volumes. With a 67 sus-
pension, the LDy, approximated 2 prams
per kg, Comparable values for citic
and tartaric acids are not available.

Following intraperitoncal administra-
tion to rats, adipic acid appears to be
more toxic than ciuic (6). The intra-
peritoneal administration of adipic avid
resulted in  extensive irritation and
adhesion of visceral organs.

During the rapid growth period of
the 2-vear feeding studics, weight gains
for the male rats receiving 3 or A
adipic or citric acid was significandy
less than the male controls; however,
there was po significant  diflerence
among these four experimental groups.
Growth for other groups--0.1 and 1.657,
male and 1.09, female--was compar-

Deuaths Sacrificed '

g7 other T etol “Tlong able to that of the respective controls,

Male Group pathology Tumors causes deaths pathology Tumors There was no evidence of gross pmhuhng_v
Control 7 3 3 12 4 1 associated with the feeding of either
Adipic acid. There was no significant di
0(-11 Yo 3 2 3 7 7 2 ference in survival among the various
1,70 :1,' 2 f :' g 2 groups from the controls. The mci-
5(}5 4 1 5 4 dence of lung pathology, tumors, ov
Citric soft testes was observed at least as fre-
3% 1 2 3 6 1 quently in the controls. The organ-
> 1 2 1 4 4 ! to-body weight ratios appeared to be

These findings appear not to be re-
lated to the compounds under study as
an cquivalent incidence was observed
in the controls.

Throughout the study, especially the
final 6 menths, the following signs were
observed among all the groups, including
the controls:  wheezing,
crust about the noses and eves, and body
The incidence of these findings
did not appear o be sigribcanty dif-
ferent anong the groups althoush a
fower fnerdence of signg indicative of
tespivatory  nfecvon and  body  sores
occurred in the 5005 adipic acid wroap,

When the sarviviog males were secri-
ficed ar the end of the Z-viar puiind,
satinlogy

culn-

Liload-tinged

SOres,

there was no sicailicant griss
that refated  to

could b cither

All three exhibited diarrhea, respiratory
infection, and loss of weight prior to
death.  Upon autopsy. one control rat
and one experimental rat were found
have tumors, while the other control

animal had & granular liver and dark’

red apexes on both hungs.

When the surviving animals were sacri-
ficed at the end of the 2-vear period,
there was no significant gross pathology
that could be related 1o ingestion of the
compound. Fhere was an equal inci-
dence of motded, granular livers with
peripheral thickening in both the control
and experimental animals. FPwo of the
surviving control rats and one experi-
mental ovarian  tunors;
ovarian eysts were noted in hoth control
and cxperimental rats,

antimal  hed

YOIL.

5, NO.

within normal range. The resulis ot
microscopic examination appeared 1o
be within normal limits for the represen-
tative tissues studied.

Comparison of the chronic feeding
of adipic acid with citric acid (herein
reported) and also with tartanic acid
in an equivalent studvy (3) indichtes
that adipic acid is comparable with
citric and tartaric acids.
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FURTHER OBSERVATIONS ON TIIE TERATOGENIC
NATURE OF INSULIN AND ITS MODIFICATION
BY SUPPLEMENTARY TREATMENT

WALTER LANDAUER AND MARION B. RHODES

University of Connceticut, Storrs

It was shown previously that insulin treatment of devel-
oping chicken embryos produces morphological abnormalities.
These defects are chiefly, perhaps exclusively, skeletal, Dut
what parts of the skeleton are affected depends on the stage
during which the embryos had heen exposed to the hormone.
Incidence and degrce of malformation vary with dose of
injected insulin, hereditary constitution of the embrvos, sea-
son, and probably numerons other and minor factors, Very
high doses of insalin are sometines responsible for the si-
multancous occurrence of abnormalities which with smaller
amounts only oceur after treatment in ofher developmental
stages. The faet that all insulin-induced malformations ap-
pear {o be phenocopies of known mutants adds greatly to the
interest of analyzing the physiological events by whiel in-
sulin produces its effects. The more important results of our
experiments have been reviewed in an earlier publication
(Landauer, ’48a). Since then we have found that the terato-
genie consequences of insulin injeetion ean e averted, in
part or entirely, by supplementing insulin treatment with
certain other substances, sueh as nicotinamide and a-ketoglu-
taric acid (Landauer, 48h). The present report deals with
an extension of these experiments.

Nicotinamide

The injeetion of insulin into the volk sac of chicken eros
during the 4th or Hth day of development is followed by a high

991

13089
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incidence of micromelia and beak defects. From the resulis
of earlier experiments it appeared that the frequency of oc-
currence of micromelia could be much reduced by supplying
nicotinamide along with insulin, but that such supplementa-
tion was less effective in regard to beak development. Sur-
vival of insulin-nicotinamide treated embryos was, however,
less good in these experiments than in the group that had
only been exposed to insulin, and, beeause of this, some doubt
remained concerning the validity of the conclusions drawn
from these data. Ilence, we decided to repeat the experi-
ments. At the sawe time we desired 1o obtain information
on the following iwo questions. Does nicotinamide actually
protect the embryos less well against insulin-induced beak
defects than against abnormalities of the extremities? See-
ondly, will nicotinamide supplementation forestall the pheno-
typic effects that insulin has on lereditary polydactylisin
(Landauer, "4Sc)?

For our new experiments on the combined use of insulin
(1letin, Lilly) and nicotinamide (Niacinamide, Squibb) we
used eggs from a mating of White Leghorn females to a Dork-
ing male, the latter being homozygous for polydactylism.
The results for incidence of micromelia and beak defects are
given in table 1. Each of the three experimental groups in-
cluded one lot in which insulin alone, in a dose of either two
units (A and B) or one unit (C), was injected at 96 hours
of development and another lot that served as untreated con-
trol. In addition, one lot of group A received two units of
insulin and 5 mg nicotinamide at 96 hours, one of group B
was given 10 mg of nicotinamide at 93 hours, followed by
two units insulin at 96 hours, and one lot of group C was in-
jected with 10 mg nicotinamide at 93 hours and one unit in-
sulin at 96 hours. The results are unequivocal. When 5 mg
nicotinamide were given simultaneously with two units in-
sulin, the incidence of all types of malformations was much
reduced ; when the embryos were supplied with 10 mg of nico-
tinamide three hours prior to the injection of either one or
two units of insulin, protection against the teratogenic ef-
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fects f’f insulin was complete. In none of the three or
had nicotinamide tatisti igni ¢ on cmbron
, a statistically significant effect on embrvo

({ftalét} d'ae to injection of insulin. In other tests, the re

sulte of which ar : ] 2 .

which are not reproduced nere, we found that higher
-

dozes of nicofinamide (29 mg) — similar in amount to those

TABLE 1

E per € I - - 4
xperiments cor reing t 6’77 t ae
ments 1Ce g he ect of nicotinamide on insulin induced abnor malilies

of extremities, beak and eyes

' embry
%y embryos from Leghorn 99 x Dorking &

. i MOR- SUR-
GROUP TREATMEXT TALITY  VIVORS Micro.  BEAK b
PRIGR TO OF 17TH  MELia  ABNOR-  ARNOR-
) 18TH DAY DAY MALITIES MALITIES
% Go %
o G Yo b
A Insulin 2 T.~— 96 hours 2468 60 48.3 33.3 Ga"
. . ol
Insulin 2 U. + 5 mg ni J
2T. 4 g nico- 13.6 7 g
tinamide — 96 hours " e e e
Untreated 3.7 79 0 0
3. 0
B Insulin 2 U.— 96 hours 12.9 74 55.4 29.7 14
adit
Nieotinamide 10 mg 19.5
— .5 66 5
93 hours, insulin 2 U, — e ’ ’
96 hours
Untreated 10.0 72 1.4 0 ' [y
C  Imsulin 1 U.— 96 hours 244 96 16.7 9.4 2.1
Nicotinamide 10 m . |
g— 291 100
93 hours, insulin 1 U. — ’ e ’
96 hours
Untreated 10.7 117 0 0
. 0

used in our earlier experiments — were definitely toxie
whether_ used in conjunction with insulin or alone, but among
33 survivors only a few showed micromelia an;l none h 3
beak defects. o
It is cleqr from these results that the occurrence of those
'effects 'of insulin treatment (during the 4th or 5th day ;f
mncubation) which resemble the phenotypes of major ,Ez;enc
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changes, viz. micromelia and beak defects, can be prevented S-S O - : = Z& 2 !
by adequate and properly timed supplementation with nico- 2% 2§ F E E F 2 5§ F i
finamide. We have reported earlier that in pelvdactylous ; ' &z :EE ; = r::':‘ It 2 £ : = 3 ‘
stocks insulin has modifier-like effeets in regard to develop- _*: | =R = T A | 5 | -
ment of the toes. Data on the question whether or not these = | L2 2 J:, Z 2 é’ él : 1 N:
effects can be prevented by nicotinamide supplementation ap- = f”? g :"T g ® 3 'i ‘ z
pear in table 2. These observations must be reviewed with 2 o @ S 2 £ 2 f 2
reference to the different maodes of expression of polvdaetyl- i g * g § : é
ism. In the first place, it will be seen that, as reported eavlier, 2 ; E g i E
insulin treatment greatly exacgerated the incidence of pheno- z & | :
typic lack of expression of the gene for polvdactylism (col- g ‘ i
umn A ). This insulin effeet was not signifieantiy altered when s | 3
omyg nicotinamide woere given tegether with two unitzs in- :” = =S
sulin. When, however, 10 mg nicotinamide were injected three 15 2 g3 g223 2 | z £ 3 5
hours prior to either one or two units insulin the occeurrence < i : £ 3 5D
of non-polydactylous embryos was reduced very wvmﬁmntl}‘ z o3
(x*=9.90 with P =.002 1 the first instance and »*=11.71 ; [l o - o w & o o E Z §
with P == < .001 in the sceond). As for the different modes =S N A =z
of expression of polvdactylism, it ean he seen that under = T i
the influence of nicotinamide-supplemecutation there was a i | 2 -
definite trend toward an increased incidence of the irregular z : B & s oo e >
types, such as heterodactylism and polvphalangism (E aud gi® = Bk Bk bka X s <.
F), in preference to a refurn to {he bilaterally H-toed condi- ¢ i £ F :
tion which is typieal for the control embryos. With optimal £ ! s C3
amounts of nieotinanide, however, the incidence of typical 188 8 £ 2 2 85 E. >
bilateral polydactylism was also augmented conspicuously Z | . - =
(C). It is clear, thercfore, that the changes which insulin g ! =
produces in the expression of polydactylism can to some ex- ; i o e e o - ; 55 f H
tent be prevented by nicotinamide-supplementation, but that - l ¥ S 2% 4L &oo fs ofizzs 1
the protective effect is lower than with reference to miero- el £ z% “;
melia and beak abnormalities. This response difference will = E = %
be discussed later. 2% & sroes el iie 5

In an earlier publication (Landauer, ’48h) we have re- .‘ T R B A
ported that a significant reduction in incidence of rumpless- * i
ness was obtained when injection of two units insulin at 24 o . ~ CoI=
hours was supplemented with 18.9 mg nicotinamide, but that TE Lxo g E - ss i
nicotinamide did not at this stage give the embrvos ax mueh | Ik ;
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¢

protection against insulin damage as it does at later stages
(96 and 120 hours). Since the amount of nicotinamide used
in those experiments proved to have considerable toxieity, we
decided io repeat {he experiment with a smaller amount of
nicotinamide. viz. 5mg. The results are summarized in table
3. The nicotinamide was injected three hours prior to in-
sulin, simultaneously with it, or 3, 6 and 12 hours after in-

TABLE 2
Erperimrenls coneerning the effect 0f mirotinamide on the occurrence of insulin-
induced rumplessness in T hite Lephorn embruos

Dosage: 2 units insulin, mg nicotinamide
MOR- KUR- RUMP-
perTILE 'ru'm‘v \'1\‘}“\’ LEsS AR
GROUP TREATMENT ) e A - o NOPMATL
EGGS FIRRT OF {ALL BEAK
6 pavs  I1TTH DAY  TYPES) o
A o A
1  Insulin — 24 hours 200 30.5 121 26.4 0
% Nicotinamide — 24 hours
insulin — 27 hours 316 H4.4 127 131 5.1
2 Insulin and nicotinamide
24 hours 347 62.8 119 21.0 5.9
4  Insulin — 24 hours
nicotinamide — 27 hours 343 68.5 a0 15.6 5.6
5  Insulin — 24 hours
nicotinamide — 30 hours 339 54.3 138 15.2 3.6
6  Insulin — 24 hours
nicotinamide — 36 hours 333 BER! 132 288 8.3

sulin. Embryo mortality was, even with this lower dose of

icotinamide, much inereased. When nicotinamide was given
between three hours prior to and 6 hours following insulin
treatment, the incidence of rumplessness was in each instance
lower than with insulin alone. Corresponding to the smaller
dose of nicotinamide, its effectiveness in forestalling rumpless-
ness was redneed, and the differences were in no case great
enouch to be statistically significant. Tlowerver, the ¥ from the
combination of probabilities for zroups 2 to 5 as against group

o
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1 was highly significant (*==19.930, df =8, P =.01). Xico-
tinamide given 12 hours later than insulin no longer affected
the incidence of rimplessness. On the whole, these results
confirm with a lower dosage (viz. 5mg) our earlier concln-
sion that an amount of niecotinamide which completelr or
nearly completely forestalled the micromelia-inducing effeets
of two units insulin at 96 or 120 hours of incubation, reduced
only slightly the incidence of rumplessness after two units in-
sulin at 24 hours and that the toxicity of this amount of
nieotinamide was mueh greater at the earlier period than at
the later one.

Somie ohservations on beak defeets, howewer, do not seem
to fit into the general interpretation of the protective action
of nicotinamide. In experiments with sulfanilamide, Zwilling
and DeBell (:30) found that mnicotinamide-supplementation
completely forestalled the appearance of mieromelia. But the
parrot-heak condition that generally accompanies sulfanil-
amide-induced micromelia was, in the presence of nicotin-

amide, frequently replaced by a shortening of the npper heak.

This cffect of nicotinamide-supplementation was found when

both sulfanilamide and nicotinamide were given at the end of
the 5th day of incubation, but also when sulfanilamide was -
jeeted at 120 hours and nicotinamide 24 or even 48 hours
Jater. We had ohserved earlier (Landauer, 48b) that nico-
tinamide supplementation of insulin treatment at 24 hours was
responsible for the appearance of a certain proportion of
embrvos with shortened upper beaks. Our present results
bear out these observations. We had suggested earlier that
¢t shift of the insulin damage within embryos” had been
produced by nicotinamide. This interpretation is no longer
tenable since it was found that nicotinamide by itself will
in certain developmental stages call forth abnormalities of
the beak. This is true for 24-hour embryos, but does not hold
at all or to only a very slight extent at 96 hours ({able 4).
The observations of Zwilling and DeBell. to which we re-
ferred, suggest, however, that responses siwilar to those at
24 hours may oceur again after 5 to 7 days of development.
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Glucose-1-phosphate, citric and oxalacetic acid
{
Experiments in which insulin treatment at 96 hours was b z L s
. . .. . ) 12 =
combined with the injection of glucose-1-phosphate produced | < "
results of considerable intevest (table ). Glucose-1-phos-
. e . . X . - - - 5
phate by itsclf was non-toxic and without teratogenie effeets. 198 %3 E B: oz Tz
1 n teiant . . : rEZ 22 2 2R = 3z 3
When the inieetion of fwo units of insulin was supplemented |55 585 F §5 F §E z
i L . PS4 B 2 4 2 3
with 4 mg glucose-1-phosphate the post-operative mortality = ol - I
. . . . . i h 154 z = 2 ]
was higher than after insulin alone; there was no significant - = ZE g = 3
= < = =
TABLE 4 | = 5 &
! z g
Effeet of nicotinawids, injocted at 24 or 96 Twours of incubation, on rate of
sortality and beak Jdevelopnont, Fags from White Leohern foul | |
e e — - S | 2%
SIGNIFICANCE . o £33
GE AT OF DIFFERENCES o = = g o = ITz
x\':‘;}"(‘;m\' AGE AT INJECTION 96 HOURS BETWEEN IN- = [ S = = =33
A HOTES e e JECTIONS AT SEe
24 moves Do 5mE  Dowe10mg | 24AND 96 HOURS “°s
v FOR DOSE |
O D MG 0
- — kA
Number of fertile 292 128 123 o el 2 R = 2 2
eggs injected i e ® @ < s
P ®
Mortality during first
€ days and from »
96 hours to end of - © = 2o - < iz
2nd week, respee- «@ e o © - =32
tively o 16.1 3.1 8.1 x* = 13.949 ==
P = <.001
Survivors of 17th 235 117 110 © SIS S 1 z ¥
<) - o — [ o =2
dzy to > W oo - R &3
32
Short npper beak % 7.2 0.9 1.8 x:= 5.336
P = <.02
-
. e . £l
Other abnormalities 0 0 0 o = :i = g © 2z
T [ Y @ o ;3
-
change in the incidence of micromelia or syndactylism (the )
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]
cose-1-phosphate and is an expression of a seasonal trend,
already noted in earlier experiments (Landauer, ’43). The
relative reduction in frequency of beak defects under the
influence of glucese 1-phosphate supplementation was, how-
ever, of a similar order in the two experiments. The heak
abnormalities which occurred were of 4 different kinds, viz,
parrot beak, shortened upper beak, cleft palate and cross-
beak. Parrot beak is the only one of these 4 types of de-
feets which, in its milder forms of expression, might lead
to mistaken classification, 1t was, therefore, decided to
scrutinize the effect of glucose-1-phesphate by adding all
specirens with parrot heak to the normal groups, thus limit-
ing the statistical analysis to those forms of abnormality in
which we were dealing with presence or absence. Even with
this, unquestionably over-stringent, procedure it was clear
that givcose-1-phosphate furnished protection asainst insulin-
induced beak abnormalities (¥*==10.645; P =.001).

A similar lowering In the incidence of beak defects was
observed when insulin-treatment was supplemented with frue-
tese-B-phosphate (5 mg/ege), but our data are too scanty to
be trusted without reserve. Supplementation of insulin-treat-
ment at 6 hours with fruectose-1,6-dipl:osphate, on the other
hand, elearly did not medify any of the teratogenic effects
of insulin.

At 24 hours, supplementation of insulin with glucose-1-phos-
phate (4mg/egg), fructose-6-phosphate (5 mg/egg) or frue-
tose-1,6-diphosphate (2.7 mg/egg) had no significant effect on
subsequent incidence of rumplessness. In two tests with
glucose-1-phosphate we observed, however, that embryo mor-
tality was inereased significantly and micromelia was found
in 10 and 11%, respectively, of the survivors of the 17th day.
There were no cases of micromelia among the embryos treated
with insulin alone.

Results similar to those with glucose-1-phosphate were ob-
tained when insulin-treatment at 96 hours was combined with
the injection of oxalacetic or citric acid. Embryo mortality
was inereased by these supplements, the frequener with which

—
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~

micromelia occurred was not affected, but the incidence of
beak defects was reduced to a highly significant extent (t
5). When given alone, oxalacetic acid had
for 86-hour emliryos (mortality to

but citrie acid was harmless.

At the 24-hour stage, supplementation with oxalacet;

gt the 2l : tic acid
Id not significantly change the incidence of insulin-induced

rumplessness. Citrie acid, on the other hand
embryo moriali

able
appreciable toxicity
seeond week 24.177)

A .

» greatly reduced
R

ty and incidence of rumplessness when added
t0 1nswin treatment at 24 hours (table 6). The results are

TABLE 6
The effect of citrie acid or insulin-induced rumplessness. TWhite Leghorn embryos
All injections at 24 hours )

Dosage: insulin 2 units, eitric acid 25 mg

MORTALITY SURVIV S
TREATMENT FERTILE oF 1710

- OTUER
rG FIRST OF 17TH RUMPLERS NOR-
EGGS 6 Days DAY (AL TYPES) M‘.\\’;‘? ?,pr‘a
. - % % t“ﬂ
Insulin 165 52.1 65 29,2 9.3
Tnsulin -+
citric acid 171 17.0 135 111 REY
Citric acid 165 3.6 157 1.3 0

.highly significant in both respects (x? for embrvo mortal-
Ity =46.035, P .0001; for incidence of rumplessness »* —
10.165, P =.0005) and comparable to those obtained with
lactic acid which will be discussed below. Isocitrie acid
(2._5 mg) given with insulin at 24 hours led to Increased mor-
tality and potentiation of the insulin effect (44.7% rumpless-
ness, 10.5% beak abnormalities)

Pyruvic and lactic acid; sodium acetate

In testing for the alleviatory effect of other compounds on
the teratogenic action of insulin we were particolarly inter-

ested in relatively simple metabholic intermediates such as

081
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pyruvie, lactic and acetic acid. Our observations with undi-

Tuted pyruvice acid (Matheson Co.) are summarized in tables
7 and 8. It can he seen that pyruvie acid, when given simul-
tancous!

v owith insuling is very effective in forestalling the
occurrence of rumplessness (table 7). The combined ad-
ministration of these two substarces at 24 hours of incuba-
tion reduced the incidence of rumplessness, in comparison to
that after unsupplemented insulin treatment, from 23.1% to

TABLE 7
Erperiments concerning the effect of pyruvie acid on insulin-induced runiplessness
in White Leghorn embryos
Dosage: 2 units insulin, 0.05 em® undiluted pyruvie acid

FERTIVE MORTALITY  SURVIVORS
TEEATMENT e FIRST oF 17TH RUMPLESS
o 6 DAYS DAY
o <
1 Insulin — 24 hours 254 453 - 130 231
2 Issulin and pyruvie acid 256 18.8 174 5.2
— 24 hours
3 Insulin — 24 hours 243 39.1 124 16.9
pyruvic acid — 27 hours
4 Insulin — 24 hours 257 40.1 134 17.2
pyruvic acid — 30 hours
5  Insulin — 24 hours 245 41.6 124 19.4
pyruvic acid — 36 hours
6 Prruvie acid — 24 hours 171 10.5 146 27

5.2% (x*==21.252; P<.0001), and embryonic mortality dur-
ing the first 6 days dropped from 45.3% to 18.8% (x? = 41.296;
P<.0001). If pyruvic acid is, however, supplied three or more
bours subsequent to the injection of insulin, it has little, if
any, heneficial effect on either incidence of rumplessness or
toxicity of the insulin. No similarly beneficial results fol-
lowed phosphopyruvic-acid supplementation (2 mg/egg); in
fact, the toxielty in ecombination with insulin was very high
and the incidence of rumplessness inereased.
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234 WALTER LANDATER AND MARION B. RHODES

The effect of pyruvie-acid supplementation is very differ-
ent at the time when insulin treatment leads to the occurrence

I defects {fn]ﬂn Q) Dx*‘r-nvxn aecid 0'1‘ on

Ui Lo Gy A0 Q& sivioil

af micromels s
0% IRICT vlu\,l‘a ana b ai

simultancously with insulin- 1mect10n or within three hours
prior or subsequent to it, greatly increases, at this stage of
development, embryo mortality as well as incidence of micro-
melia and beak defects. All differences in these respects be-
tween group 3 (insulin alone) and the other three groups are
Qtntbhmllv hmhl\ significant, except for that relating to the
incidence of beak abnormalities in groups 2 and 3. The toxicity

TABLE 9
Ezpcriments concerning the effect of lactic acid on insulin-induced rumplessness
in White Leghorn embryos

Dosage: 2 units insulin, 0.05 em® lactic acid (409)

FERTILE MORTALITY RURVIVORS
GROUP TREATMENT EGSS FIRST OF 17TH RUMPLESS
t bAYS DAY
2 %
1 Insulin— 24 hours 336 42.0 181 4.3
2 Insulin and dl-lactic
acid — 24 hours 334 20.4 235 12.8
3 Insulin and d-lactic
acid — 24 hours 355 18.3 265 18.1
4  Insulin and dl-lactic
acid — 24 hours 368 15.2 289 131

which was encountered in these experiments appears to be
wholly due to the pyruvic acid. When pyruvic acid was in-
jected by itself at 120 hours, mortality to the end of the sec-
ond week amounted to 83.2% out of 137 treated embryos.
No abnormalities of any kind were, however, found among
the survivors. Phosphorpyruvic acid, given by itself, was
harmless at this stage. In combination with insulin it in-
creased embryo mortality without changing the incidence of
abnormalities.

The results of experiments with lactic acid are shown in
tables 0 and 10. When insulin treatment at 24 hours was
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236 WALTER LANDAUER AND MARION B. RHODES
)
supplemented by injection of racemic lactie acid, the incidence
of rumplessness and embryo mortality were reduced to about
one-half of that occurring after treatment with insulin alone.
The differences ave in both instances highly siguificant (be-
tween groups 1 and 2 % for embryo mortality was 36.451 with
P<.0001, and for incidence of rumplessness »*=9.312; P<
U1). A repetition of the experiment with dl-lactic acid gave
closely similar results (group 4), but with d-lactic acid (Pfan-
stiehl), the naturally oceurring form, the results were less
favorakhle than with the racemic acid.

The results of lactic-acid supplementation of n=ulin-treat-
ment at 120 hours are shown in table 10. When racemie lactie
acid was given three Liours prior to insulin injection, the in-

¢idenee of micromelin was vednead sienifieantly (2 =8.708,

P <.01); there were alxo fewer beak abnormalities, but in this
instance the difference was not statistically significant. In-
jection of lactic acid ~imultancously with or three hours sub-
sequent to insulin-treatment had no significant effects on
ineidence of either micromelia or beak abnormalities. It
can be scen, on the other hand, that the combined treatment
with lactic acid and insulin produced in all groups increased
embryo mortality (in all instances P<.0001). This 1s ac-
counted for by the high degrece of toxieity which lactic acid
alone has at this stage of development (group 5). As was
true for pyruvie acid, lactic acid reduced the mortality from
insulin treatment in early embryonic stages, but had a highly
toxic effect in later ones.

Sodinm acetate in a dose of 10 mg/egg was toxie, without
producing abnormalities, but when injected together with in-
sulin resulted in an exaggerated inecidence of the teratologic
offects of insnlin as well as heightened embryo mortality. This
was especially true at 24 hours, but to a lesser extent also at
96 hours.

Ammino acids

e performed some experiments with l-tryptophane (1.2
mg/ege), dl-methionine hydrochloride (3 mg/egg), I-glutamic
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acid hydrochloride (125 and 25mg/‘egg) and dl-alanine
(7.2mg/ege). When administered by themselves and in the
given amounts, none of these amino acids, with the possibje
exeeption of l-glutamic acid bydrochloride, was teratogenic
at either 24 or ¥ hours of development. Iixeept for Lolutaniic
acid hydrochloride, no striking toxicity was ohserved arter
injection of these compounds. At 24 hours, l-glutamic acid
hydrochloride was somewhat toxic and pronouncedly so at
96 hours. Methionine, trvptophane and alanine in combina-
tion with insulin led to inereased emhrye mortality and among
the survivors the incidence of rumplessiess was higher than
after insulin alone. At 96 honrs these three amino acids prob-
ably produced no significant change in embryo mortality, nor
in the teratogenie effects of insulin. A more interesting sitna-
tion ohtains in regard to supplementation with l-glutamic wucid
hydrochloride. Injeeted alone, this compound showed some
toxicity for 24-hour embryos (19.5 == 3.45% mortality during
first 6 day¢) and probably had a slight rumplessness-indueing
effect (6.5 == 2469%). We made three fests at 24 honrs in
which the injection of two units insulin was supplemented
by 125 mg/ege l-glitamic acid hydrochloride and two tests
in which 23 me/egg of this substance were given in addition
to insulin. Since there was no apparent inconsistency hetween
the results for the two different dosage levels, we are here
reproducing only the totals for all 5 tests (table 11). It can
be scen that l-glutamic acid hydrochloride supplementation
reduced mortality as well as incidence of rumplessness. At
96 hours l-glutamie acid hydrochloride supplementation
sharply increased embryo mortality, but did not chanze the
teratogenic action of insulin.

Sodium succinate and 3-hydroxy-anihranilic acid

Some substances which are toxic and growth-retarding. hut
do mnot by themselves produce any teratological results,
potentiate strikingly the incidence of insnlin-induced micro-
melia and beak abnorrhalities when given together with in-

08T
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sulin at 96 or 120 hours of development. This is true, for
nstance, for adrenal cortex extract (Lundauer, 47a). There
are other substances which produce a similar potentlatlon of
insulin action, but, when given alone and in the same amounts,
neither a¥ect v mbm‘rv nor interfere with normal development.,
Among componnds of the latter tvpe ave sodiwm succinate and
S-hivdioxy- ;mﬂlmm*lc acid. In experiments with 96-hour em-
bryos 91.9% of all embryos survived the 17th day after the
mmjection of 4 me 3-hydroxv-anthranilic acid: among the 147
survivors the only abnorpalities found were two cases of mi-
cromelia and one of eclefy palate. After the injection of Smy

TABLE 11

Results of 4 teste with insudin aloie and in conhination with Lolutamio aqeild
fudrocliloride at 24 hours of development. Two units insulin ell tests; l-glutamic
acid hudrochloride 12,5 and 25 my/raa, respectively, in different tests. White
Levhorn eqas, Stasdard errors.

MOKTALITY DURIN¢ SURVIVORS QF RUMP-

TREATMENT FERTILE EGGS FIRST § DAYS 17TH bAY LESSN KNS
‘e e
Insulin 667 37.0 =101 391 243 =215
Iusulin + I-glutamie
acid hydroehloride 831 24.8 + 1.50 600 13.3 + 1.38
Difference 122+ 243 11.0 = 2.55

sodium succinate 88.8% of all embryos survived the 17th day
and among the 143 survivors one rumpless chick was the only
abnormality observed. When the same amounts of sodium
suecinate or 3-hydroxyv-anthranilic acid were injected simul-
taneously with insulin, we obtained the results shown in table
12. For comparison we give the data for 4 tests with insulin
alone, done during the same period. It can be seen that the
incidence of all malformations was greatly exaggerated by
the presence of either sodium suceinate or 3- hydroxy-anthra-
nilic acid. This potentiating effect was relatively the greater,
the lower was the frequency with which a particular type of
nbnmmahtv occurred under the influence of unsupplemented

. .q_'_:‘ 2y insm—
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TABLE 12

Data concerning the potentiating effect of sodium succinale and S-hydrory.
anthranilic aecid on the teratogenic action of 2 units insulin
et 98 koure.

TYite Leghorn cggs

. . SURVIVORN -
TREATMENT ~URN s  NDACTYI N BEAK AR-
OF 1TTH DAY MICROMELIA  SYNDACTYLINA NORMALITES

&

-

Insvlin 4 8 mpy

=)
ST
®»
e
is
+
w
~1
[ )
'
7
o
ks

402 347

I+
:'.l
-1

sodium succinate

5/23/50
Insnlin + 4 mg 63 89.2 =386 369 % 6.0 69.2 = 573
3-hydroxy-anthranilie
acid
6,/20/50

I

Insulin Mean 42351 60.0 = 2.38 4.5 =101 261 =213
(4 tests)
5/23 to 6/27
1950 Range 96-123 49.0-66.3 24-6.3 12.2-37.5

* Total of the 4 experiments.

insulin injection. For combined treatment with insulin and
3- h\'dlO\\'—Ilnfhldlllhc acid the degree of potentiation in terms
of the mean incidence in the unsupplemented insulin control
groups is demonstrated by the following figures.

INCIDENCE AFTER
INSULIN ALONE

POTENTIATION DUE TO
3-HYDROXY-ANTHRANILIC ACID

% o
Micromelia 60.0 48.7
Jenk defects 26.1 165.1
Syndactylism 4.5 720.0

Syndactylism shows the most extreme effect. Syndactylism,
not heretofore reported as an insulin-induced abnormality and
to be discussed in more detail subsequently, was found in about
4.5% of Leghorn embryos which had been treated with two
units of insulin at 96 hours. W hen, in addition to insulin. 8 mg
of sodium succinate or 4 mg of 3-hvdroxv-anthranilic acid were
injected, the incidence .of syndactyvlism rose to 18.9¢% and
36.99%, respectively.
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Results with sodium succinate at 24 hours were very simi-
Jar to those at 96 hours. Given by itself, it was non-toxic and
non-torategonie; added to insulin treatment, it greatly in-
erenxed enthryo mortality and incidence of rumplessness. The
effect of S-hyvdroxyv-anthranilie acid at 24 hours was more
complex. When this compound was injected by itself (4 mg/
egg), it showed xome toxicity (mortality during first 6 days
205 — 2.39%) and among the survivors of the 17th day we
67 rampless embryos. In o preliminary test with
the snme dosage the frequeney of rumplessness had heen 10%
and for the combined data we have an incidence of 114 =

2 50% . It ic evident that 3-hvdroxy-anthranilic acid is hy itself

founa 1

pelively potont Ininduecing runplessuess, Combined injee-
tion of insulin and 3-hydroxy-anthranilic acid resulted in very

hioh mortality (84.4¢¢ during the first 6 days), but ameng the
emall number of survivors the incidence of rumplessness was
not remarkably high (18.27%), possibly oun account of differ-
ential mortality. On the other hand, this treatment led to
the ocenrrence of some cazes of micromelia, eleft palate and
syndactylism, none of which were at this developmental stage
produeed by two units of insulin alone.

DISCUSSION

The major results of our experiments are as follows. A
repetition and extension of ecarlier experiments with mnico-
tinamide showed anew that, if proper dosage levels were used
and the amount of administered insulin was not too great,
supplementation with this vitamin gave complete protection
against the usual teratogenic effects of insulin treatment at
96 or 120 hours of incubation. In spite of the fact, however,
that supplementary nicotinamide prevented the occurrence of
micromelia and beak defects! among the survivors to late
staces, the post-operative mortality was not reduced. To a
cortain oxtent nicotinamide also protected genetically poly-
dactylous embryos against the modifier-like effects that in-

! These malformations of the beak have nothing in common with the post-
mortin: henk ahnormalities reported by DBlattuer and Williamson (’50).
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sulin has on the expression of this mutation. Lactic acid.
when given three hours prior :» insulin treatment, reduced
the incidence of micromelia, but had little influence on the
frequency of heak ahnormalities. Lactic acid had no pro-
tocetive valne when administered simultaneously with ov sub
sequent to insulin, In all these situations the ecomhined usc
of insulin and lactic acid was, however, highly toxic. In eon-
tradistinetion to the cffects of lactic acid, supplementation of
insulin-treatment with eitric acid (when given simultanconsly)

siderable protection against the occurrence of beak defects.
Results similar to those with citric acid were obtained with
clucose-1-phosphate, oxalacetic acid and probably fructose-6-
phosphate.

In accord with ecarlier observations we found that during

the rumplessness-inducing period of insulin (24 hours of in-
cubation) nicotinamide gave some protection to embryos, but
that its effectiveness was much lower than at the later stage
and that, in addition, it was definitely toxie at this earlier
time. Supplementary pyruvie acid, on the other hand. sharply
reduced the incidence of rumplessness and greatiy lowered

the toxicity which follows treatment with insulin :\l(mo.i
Among many substaneces tested, pyruvie acid was most ef-!

feetive in this respect. Results of a similar nature, hut at a

lower level of efficieney, followed supplementation with lactic |
and citrie acid; l-glutamie acid hydrochloride gave a slight. |

but significant, amount of protection, ¥From present and ear-
lier evidence we may eonclude that the sequence of protection
against insulin-induced rumplessness, heginning  with  the
most effective compound, is about as follows: prruvic acid>
lactic acid = citrie acid>nicotinamide> a-ketoglutarie acid =
l-elutamie acid hydrochloride. :

Tt has been shown in previous communiecations that the pro-
duction of micromelia and beak defects can be achieved by

treatment with eserine, sulfanilamide or insulin and that m!

all three instances supplementary nicotinamide protected em-
bryos acainst the teratogenic action of the three compoundJi

'
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(Landauer, '49; Zwilling and DeBell, *30). We could further
D ]
demonstrate that the rumplessness-indneing action of sodium
. : ]

Axlods and o
1Vidaie ana ins

33

. . .
1

o 3 in ean similarly and to a large extent be
forestalled by added pyruvie acid. It seems justified to draw
three conclusious from this evidenee, viz., (1) that, as pointed

out by Ancel ('45b, '30), certain chemical compounds have
more or less specific teratogenie potentialities; (2) that insulin
has several different potentinlities depending on develop-
mental stage; and (3) that, irrespective of the teratogenic

acent employed, the same supplements were effective in fore-
stalling the occurrence of a particular malformation or in

ducing its incidence,

T4

There is additional evidence in support of these conclu-
sions. The two substances that in Ancel’s ("43a, '30) experi-
ments most regularly prodnced mieromelia and heak defects,
viz., eserine and sulfanilamide, were also the ones that led
most frequently to the occurrence of syndaetylism. We had
not previously reported on the production of syndactylism
by insulin, but our present observations show that during the
stages when insulin treatment leads to the occurrence of
mieromelia and malformations of the bheak, it 1s also re-
sponsible for the appearance of a certain incidence of syn-
dactvlism. Nicotinamide proteets the embryo against this
abnormality as well as against the other symptoms of insulin-
{reatment typical for the 96- or 120-hour stages. Syndactvlism
thus represents another malformation that can be produced
by three different and unrelated chemical compounds and that
in all instances can bhe forestalled by the same supplement.
It iz of particular interest to note that insulin-induced syn-
dactylism always involves the Jrd and 4th toes, as does here-
ditary <yndactyvlism. This is additional evidence for our
earlier conclusion that the majority, perhaps all. of the in-
sulin-induced abnormalities are of the nature of skeletal
phenocopies. Hereditary syndaetviism was believed to be in-
separable from brachydactylism and feathering of the feet
(Danforth, *19: Jaap, ’39), but no instances of such associa-
tion oecurred in our material and Warren (°30) has recently
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described a hereditary form of syndactylism, unaccompanied
by these traits,

Among the beak defeets produced by insulin one can dis-
tincuish 4 different types, viz., parrot beak (associated with a
moderate shortening of the lower bheak), short upper beak,
cross-heak and cleft palate. The proportions in which these
defects oceur vary eonsiderably from experiment to experi-

. . . . e . )
ment, probably parvaliel with minor differences in the develop-

&
taining at the time of treatment. All 4 types
of beak defects are prevented by supplementary nicotinamide,
We had illustrated a case of cleft palate and facial colobuma
in an earlier publication (Landauer, 47bh, fiz. 4) but did not
then deseribe it in detail. Ancel could produce cleft palate with
trypaflavin, but with none of the other substances tested by
him, in particular not with eserine and sulfanilamide, the two
compounds leading to » hich incidence of micromelia and par-
rot beak. This is, therefore, another instance in which insulin
has the greater teratogenie latitude and in which it has been
shown that nicotinamide-preventable abnormalities mar be
separately produced by unrelated chemical compounds. It
cannot he doubted that these various substances, producing the
same malformations and being made non-teratogenic by the
same supplements, create their ¢ffects via identical or closely
similar pathwavs.?

Throughout our ohservations it has become evident, how-
ever, and we shall have further occasion to discuss it, that,
in spite of these similarities in the teratogenic action of
groups of substances, there are many minor, but significant,
dissimilarities in their effects. We shall here call attention to
two examples concerning the position in time of the maxi-
mum susceptible period for certain compounds. Tt was shown
earlier that the incidence of rumplessness after insulin treat-

mental stages ob

3 In mammalian embryos cleft palate has been prodaced experimentally i}l rats
with trypan blue (Gillman, Gilbert and Gillman. 483, maternal riboﬂnf‘]n d‘o-
ficiency (Warkany, Nelson and RSehaffenberger, *43Y, and maternal folic M}d
deficiency (Evans, Nelaan and Asling, ’51), in mice a3 a consequence of anoxia

. V= -~ . nav in their hio.
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ment inereases from 0 hours (unincubated eggs) to a maxi-
- . ’

mum early in the second day of incubation (Landauer and
Bliss, "46). In contradistinetion, sodium cacodylate has a

than later. It is also of interest that following treatment
with sodium cacodylate the protective value of nicotinamide
seems to deercase during the sawme period (0-24 hours). A
differcnce similar to that between sodium cacodvlate and in-
sulin, in regard to the preduetion of rumplessness, exists be-
tween suifanilamide and insulin with reference to the origin
of micromelia. The ineldence of mieromelia after insulin-
treatment risex to a maximumn at approximately 120 hours of
incubation (Landauer and Bliss, *46), whereas sulfanilamide-
induced micromelia reaches its peak frequency at ahout 48
hours with a steep decline thereafter, the incidence following
injection at 120 dayvs being only about one-quarter that at 48
bours (Zwilling and DeBell, "50). In spite of these great dif-
ferences in the stages of maximum effectiveness, nicotinamide
completely forestalls the occurrence of micromelia in both
instances. It is difficult to escape the conclusion that these
time dissimilaritics of chemical action are caused by effects
on different, if closely related, links of the same metabolic
chain, the links in question presumably having varying bio-
chemical importance at one time or another, but damage to
the chain being in either event repairable by identical supple-
ments.

Of apparently quite another order are the events that, at
different developmental stages, produce distinctive and dis-
similar abnormalities, sueh as rumplessness or micromelia.
Attention has already been called to the fact that, according
to Ancel's observations, some chemicals have ‘‘specific”’
teratogenic effects. It does not reduce the importance of this
finding that in those instances where well-defined stage-re-
sponze differences exist, as with insulin, the stage ¢“specifi-
city’? can to some extent be overcome by an increased dose
of the teratogenic agent or Ly supplementalion with sub-
stanees that v themselves are non-teratogenie. For, even
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with surh suhetonces ags insulin, it is clear that the response

P 1o - 2
Ui

Lie embryo in different Jevelopmental stages
are not merely the effcet of an interference with identical
physiological processes in altered morphological situations.

There is evidence of a varied nature for the conclusion that
the origins of these stage and type-specific effeets ave scpa-
rated by important changes in blochemical functions. To
start with, it has been scen that striking differences exist in
the protective efficiency of various supplenients, such as pyru-
vie acid heing best in forestalling rumplessness, irrespective
of the chowical charvacter of the teratogenic agent, and nico-
tinamide being the most successful protective substance
against micromelia and beak defeets, again without regard to
the chemical constitution of the teratogenie compound. The
nature of these differences will be further discussed helow.
Secondly, altered biochemical situations are evident from the
toxicity relationships of various supplements. It has heen
shown, for instance, that prruvie acid, while reducing insulin
toxicity (as well as its teratogenic effects) during the rump-
lessness-indueing stages and being quite harmless when given
alone, becowmes extremely toxic (and loses its protective prop-
erties) probably prior to the establishment of circulation and
certainly by the time when insulin and other chemicals lead
to micromelia. Similar situations exist for lactie, citric and
l-glutamic acid. Conversely, substances such as nicotinamnide
and glucose-1-phosphate, are definitely toxic during the early
embryonic stages when they have little or no protective value
as far as the origin of rumplessness goes, but are non-toxie
later when they serve to reduce or prevent the production
of micromelia and/or beak abnormalities. All these state-
ments can, of course, be only made with assurance for the
dosages used in our experiments. Still other evidence of a
similar kind comes from the di-tinctive manner in which vari-
ons substances potentiate the teratogenie ineulin effeets at
one stage, but not at another. Thus adrenal cortex extract
has no infiusnce on the manner of ocenrrence of rumplessness
after insulin, but foreefnily poteniintes ineidence and ex-
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pression of the abnormalities induced by insulin during the
4th or oth da\' (Ld]lddue ’44.«:1) . contrariwise, Y)hnqﬂ\nnx, ruvie
acid (2mg/ege) ard 01*1121*11me (1.8Smg/egg) greatly exag-
"emte the effects of insulin during the rumplessness- indueing

eriod (unpublished data), but do not produce similar results
when added to insulin during the micromelia-inducing stages.
All these observations point to the existence of important
pivsiological dizsimilarities in the origin of abnormalities
during the two developental periods.

Even at one and the same stage one finds response differ-
ences to supplementation which any attempt at interpreta-
tion must take into account. Insulin treatment at 96 or 120
Lours produces micromelia, beak defects and svndactylism,
the incidence of the three fypes of defeeis decreasing in the
given order. These variations in frequency of occurrence may
be deterniined by developmental differences hetween the sev-
eral primordia at the time of treatment or by dissimilarities
In their quantitative dependence on the processes that ave dis-
turbed by insulin treatment. There are indications, however,
that even in these situations oualitative variations in local
fanctions may play an important role. This is suggested hy
our evidence for differential protection and differential po-
tentiation following treatment with insulin and various sup-
plements. Instances of differential protection (in experiments
at 96 hours of inenbation) include our observation that lactie
acid supplementation reduced the incidence of insulin-induced
micromelia, but not that of beak defects, or, that citric acid,

glucose-1-phosphate and vet other substances proteet against
111.\ulm beak defects, but not against micromelia. Differential
potentiation is well illustrated by the fact that supplementa-
tion of insulin treatment at 96 hours with 3-hydroxy-anthra-
nilic acid produeed relatively the greater potentiation the
lower was the incidence of a particular ahnormality after
insulin alone (order of potentiation: syndactylism>beak de-
fects>micromelia). Sodium snecinate supplementation gave
similar resnlts. Tt wonld be diffienlt to interpret these ob-
servations in any fashion other than the oceurrence of dif-
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ferential biochemical effects of insulin treatment on varions
organs and parts. It is quite possible that the ¢ primary action of
insuhn 1s the same in al im‘rancnq but that the results flowing
from it vary according to the metabolic Importance of the
aTected substance at the time of treatment and that the
effectiveness or toxicity of supplements is in part determined
by changing substrale requirements.

The extreme complexity of the teratogenic mechanisms that
are responsible for our results is sufficiently clear. At the
present stage of almost complete ignorance ahout the biocliemi-
cal processes involved in morphogenesis and differentintion
one cannot expeet to define more than the most ceneral out-
lines of the events that took place under the conditions of
our experiments. Tt eannot he doubted, at any rate, that the
pr mmpal, if not only, pr‘may v disturbance which, in our ma-
terial, leads to abnormal development is an interference with
embrvonie carbohydrate metaholism. This is evident from
the nature of the terategenic substances, from the type of
compounds which have preventative effects when used as
snpplements, and from the kinds of substances acting as po-
tentintors of the teratogenic agents. Additional evidence from
experiments with inhibitors of glveolysis will be presented
below. This general coneclusion is, of course, in good agree-
ment with what is known about the importance of carho-
hydrate utilization in early development.

Our results also demonstrate clearly, however, that he-
tween our 24 hours) and “‘late® (96 or 120
hours) stages of experimentation important differences ex-
ist in the manner in which the embryonic earbohvdrate metaho-
lism is interfered with by our procedures. Before procecding
with a discussion of these differences, it will be well to pre-
sent the results of experiments with various inhibitors of
anaerobie glyeolysis. We tested the efiect of sodinum malonate,
sodium fluoride, glveeraldehyvde, phlorizin and monoiodoacetic
acid on development of the chicken embryro at 2, 30 and 94

¢ -t !
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honrs. The vesnlts arechown in tahle 13, Thie tahle indicates

N - . R
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The stages during; which rumplessness is most readily pro-
duced b'\' terato oonle 1DSTALCeS Qecur ‘)1'101’ to the exicten
of circulation, and the action of these substances is pre~umablv
directly on cellular functions of the embryvo itself. At the
later period, however, when the embryo is likely to respond
with micromelia and beak abnormalities. the civenlatory svs-
tem is well established. It iIs true that even at this stage
the endocrine regulation of carbohvdrate utilization has not
vet come into being, the embryos in this respeet still resem-
bling the hypophyrsectomized and pancreatectomized adul

(ér

memmal, hut the volk =ae mmemhrane hus beguu to function as
““transitory liver.” The investigations of Zwilling (’51b)
have shown that one of the agents inducing micromelia and
heak abnormalities, viz. inznlin, has profound effects on the
carbohyvdrate storage functlone of the volk sac membrane,
thereby producing hypoglyeemia and earbohydrate starvation
of the embryo (Zwilline, 48, "J1a b). Whether or not the dis-
turbances of yolk sae membrane functions are the only pri-
mary conscquence of insulin treatment at this stage, carbo-
hydrate deficiency and malformations of the embrvos being
a consequence, remains to be determined. Tt seems at pre:on’t
more likely that the teratogenic agents responsible for miero-
melia and beak abnormalities have direct, as well as indireet,
effeets on the embryo sinece a similar syndrome of defects
fand one also preventable by nicotinamide supplementation)
follows sulfanilamide treatment in the absenece of hypoglyee-
mia (Zwilling and DeBell, °50).* Moreover, the same syndrome
or similar ones can be produced by treatment with eserine
snlfate or by deficiencies of the maternal diet in hiotin, ribo-
flavin and mangancse, none of which conditions are known or
likely to be accompanied by changes in the blood sugar level.

Taking into account the great stage-dependent differences
in effect which sapplementary substances, such as nicotin-
amide and pryruvie acid, produce in conjunction with insulin,

*Tt is interesting in this connecticn that acrording to Mendes Alves (’46)

iamide and

v bt rhis antin

compounds reduce tiwe hypeglveemic effects of
din zetion is removed by nicotinamide.
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and in view of {L rs of anaerobie glyeolysis
which are teratogenic dopment hecome non-tera-
togenice later on, it must ve conciuded that during the tran-
sition from the 24-hour stage to that at 96 hours important
changes have occurred in the normal metabolic activities of
chicken embryes. It may be suspected that e altered re-
sponses arve related to the nereasing imporiauce of acrobie

Cire ere be 8| T3 bamm 41, A s vt
Qi, 4= 10 dicated inter avlg oy uig sudden Tis¢ in \‘\f{)—
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respit

chirome oxidase after the third day of development {Albaum
and Worlev, '42; Alhaum, Novikoff and Ogur, ’45). Ilstab-
lishment or inereasing importance of the tricarboxylic acid
eyele may be a factor.

In view of the high effictency with which nicotinamide pro-
teets, between 96 and 120 hours of embryonie development,
against the teratogenic effects of insulin, there can be little
doubt that during this period insulin interferes with code-
hrdrogenase activity.” This is, in any event. the only estab-
lishied function of nicotinamide (via the pyridine nucleotides).
It seems likely that, as in the earlier rumplessness-pro-
ducing stages, insulin temporarily reduced or abolished
existing coenzyme supplies, possibly by competing for the
apoenzyme, but that at this later stage with its different res-
piratory activities nicotinamide (rather than prruvic acid)
is needed as a supplement in order to insure the availability
of adequate amounts of coenzyme. Most of our observations
with various supplements, whether beneficial or harmful, can
be reconciled with this view. In particular does it become un-
derstandable that nicotinamide, in excessive amounts (equal
amounts heing more excessive in carly stages), is likely to be
foxic and teratogenic by acting as an inhibitor of its own
coenzyme. )

C'ertain pathways which might be suspected to play a role
in the origin of our malformations are ruled out by avail-

ahle evidence. Inhibition of succinie dehydrogenase activity
seems excluded since several inhibitors of this system (sodium
\

® Measurements are in progress.
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malonate, tripheny! {etrazolium chloride and oxalacetic acid)
have no teratogenie etfects on Y6-hour chicken embryos, even
when given in toxie amounts.

Sinee eserine is one of the substances producing micromelin
and beak defeets, it might be asked if the origin of these
abnormalities is related to anticholinergic action. This is
very uniikely for two reasons. The anticholinergic conse-
quesces of eserine presumably occur after much smaller
amowuts of the drug than Ancel and ourselves found effective
for the preduction of abnormalitiex. Furthermore, unpub-
lished experiments with diisopropyvitinorophosphate (0.2 em®/
cgg of 0.19% solntion) at 9u hours gave no indication that
this anticholinergic ~ubstance is teratogenic. It has been
shown, on the other hand, that eserine sulfate, in such con-
centrations as are needed for the preduetion of micromelia,
leads to interferemce with processes of debhydrogenation
(Brooks, Nensmeier and Gerard, '49), and it is in better
accord with all eur other evidence {o assume that a mecha-
nism of this kind is respousible for the micromelia-inducing
action of eserine.

T¢ is certain that the ultimate results of those biochemical
changes which are impressed upon embryos by teratogenie
substances may be modified in various ways by conditions ex-
isting in the embryos themselves, but we have little specific
information about the manner in which these modifications
are produced. One such modifying ageney which has been
noted again and again in our work is related to the age of the
pullets from which eggs had been obtained. It finds expres-
sion in a gradual decline in response of embryos to insulin
from early spring to mid-summer. This has been found true
with regard to tlie incidence of rumplessness as well as of
micromelia and beak defeets. Tt seems likely that this change
of response is produced by a regular trend of some kind in the
composition of eggs, such as has been recorded by Csonk:
(*30) for nitrogen, methionine and cystine content.

Another cource of variation in response to teratogenice sub-
cces, relating more to manner aund deavee of expression

, FOatIna el o0 aline
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than to incidence, is probably to be found in the exact de.

vrm,;pnru:ut:u {(aud therefore presumably biochemical) econdi-

tion of & particalar organ primovdinm at the moment af which

a teratogenie xubstrnce takes effect., Such relatively minor

differences in developmental age presumably deeide in which

of several alternative
iy

morphological patterns rumplessness
ariges after hsuli

L treatment i:\l(\.‘wl(‘v. 4TY or in which of

.
JCUE Gl

=everal possible

. H pment deviates {rom
The lesser eft ethwnnw of nicotinamide in pre-
venting insulin-induced changes of expression of polvdactvl-
ism as compared with its proteetive value noningt mieronelia
may be related 1o the nearness of irreversible determination
of the toe primordia at the time of treatment. However, at
this same time, i.e. 96 hours of development, it is still pos-
sible to produce in nor
the incidence of insuli

the norm.

nal-toed stock a ditferential rise in
induced syndactylism by giving 3-

1 R )
hydroxy-anthranilic = C‘d in addition to insulin. The devel-
opuental origin of syndaciyiizm presu

blv occurs very soon
after that of polrdactylism. Tt scems, therefore, that for
changes in the pattern of toe dewrlopmo it the time of maxi-
muwm sensitivity falls near the moment of irreversible differ-
entiation,

A different situation obtains in regard to growing hones.
Insulin treatment produces micromelia and, if less frequently,
beak defeets of chicken embryos as late as 168 hours of de-
velopment (Tandaver, '47) and probably still later. The
long duration of susceptibility of the growing lone bones to
insulin is presumably accounted for by the special importance
of glycogen storage in cartilage (for review see Follis and
Bertbrong, ’49) and the existence of a phosphorylating sys-
tem associating glveogenolysis with caleification (Gutman and
Gutman, ’41: anm(.n, Warrick and Gutman, ’42). Reduced
glycogen stores and/or impaired glveogenolytic activity prob-
ably slow down caleification and, indirectly, many other proc-
esses of growing bones, Tnterference of this kind can bhe ex-
peeted from the time caleification begins {or perhaps even

" : .
carlier) fo the end of cartilaee roplacoment by hone, Hence
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{ effectiveness of insulin in calling forth micro-
ed de ects, Tt remains to be o\mampd however,

. atnﬂent {and also in
I the mumnt tonna), the 1011" bone% of the leg are more
feeted by abnormal conditions than are those of the wing.
Many other details of our observations must remain un-
expiained for the time beinz. It Is not clear, for instance,
why l-gintamic acid hvdrochloride affords a significant, if
low, degree of protection against rumplessness after insulin
treat ment, b‘d fends to ]'ll'“&lll(’L H (('!tﬂlll HlU\lun('e ()f ramp-
lessnees, whon olven by iteelf,

n expericuce th at substances of very different
chemical constitntion have similar pharmacological effeets,
hut only in exceptional eases has their common pathway been
discovered. This has often led students to the premature con-
ciusion that common pathways do not exist. In the analysis
of biological problems such situations have frequentls been
aisposed of with the inference that particular responses are
of an ‘‘unspecific” nature, a concept to which many shades
of neaning beeamse attached.

The idea that an ““unspecific’” retardation or arrest of de-
velopment is the cause of malformations has a long history
in which a*)pﬂar the names of Harvey, Haller. C. F. Wolf,
Etienne and Geoffroy Saint-Hilaire, and Dareste. Its best
known modern proponent, C. R. Stockard (’21) put it in the
following words: ““First, all types of monsters, double as well
as single. may be caused by one and the same treatment; sec-
ond, any one type of monster . . . may be produced by a great
number of different experimental {rcatments: third. all ef-
foctive treatments tend primarily to lower the rate of devel-
opment, and, fourth. the type of monster induced depends upon
the particular developmental moment or moments during
which the developmental rate was reduced.”

The work of Ancel and our own experiments have shown
conclusively that treatment of chicken embryvos at one and
th to different resulix

Tt 1s a comm
,

the zame developmental stage will lead
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depending on the particular chemical arent to which the em-
brro was e*mocpr'{ e.o

in 24 hour
raomplessness in 24-hour

sodinm eacodylate will eive riso to
embr‘vos, but not to micromelia at
96 hours, eserine sulfate or suifanilamide will induce micro-
melia at 96 hours, but not 3,umplessnoss at 24 hours. Ttis a
fact that onc and the same type of abnormality frequently
can be produced by several, and often chemieally unrelated,
substances, but wherever tests with supplementation have
kren apnhed it could be shown that specific derangements
of metabelism cavsed particular defects
r.ot preciude tm

. This, of course, does
possibility that one and the same malferma-

1oTe QL. n one

; ( vpe of bicchemical Intor-
felence Nor iz it j\ fix‘me to point, in support of Stockard’s
ceneralization, to our chservation that one and the same com-
pound, e.g. 1n~uhn. may nroduce several types of malforma-
tions depending on the developmental stage of treatment.
For, our experiments with metabolic supulements make it
clear that this versatility of insulin is due to & multiplicity of
reactions rather than a lack of specificity.

If Stockard’s third prineiple was meant to imply that any
lowering of develspmental rate at a susceptible period will
ipso facto be responsible for the subsequent oceurrence of
malformations, it is demonstrably untrue as is shown by many
cooling experiments with developing chicken embryes. But
even where, following treatment with teratogenic substances,
the emergence of morphological defects is associated with
growth refardation, a causal relationship shonld not be as-
sumed without proof. In the case of sulfaniiamide, for in-
stance, Zwilling and DeBell (°50) have shown that growth re-
tardation and micromelia are independent and separable
effects.

It is true that many of the teratogenic substances used by
us are known to have inhibitory effects on mitosis. This has
been shown, e.c., for insnlin (Bnllouzh, '49; Bullough and
Eisa, *30), sulfanilomi de (Fisher, Tlenry and Tow, '44), ar-
senic compourds (King and Ludford, *39) and monoiodoace-

-
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tic acid. Not only was it possible, however, to separate, in the

ecase of .cu]fmu],}m]dg orowth rotardation and ‘rprqtogenpqlq

but many of our malformed embrros and chicks had normal
body weight. Since the publication of Stockard’s paper the

origin of many abnormalitics has heen explained on the basis
of interference with mitotic activity and embryo growth (c.g.
Bodenstein and Abdel-Malek, "49), Int in many of these in-
stances closer serutiny may vet tuue the causal sequence to
metabolic upsets within partienlar

Finally, the 4th of Stockard’s prineciples can only he ac-
cepted with reservations. We could demonstrate, for in-

R I S TP | i
stalive, taan the wtiiuade of

primordia.

stisceplinie periods, i regard to
o certain defect, varies with the dose of the parvtienlar terato-
genic substance or that for different teratozenic agents the
maximun period of susceptibility differs with respect to one
and the same abnormality.

All our observations point to the conelusion that, as de-
velopment proceeds, there are shifting substrate requirements
and chaneing enzyme activities in different parts of the em-
bryo and that the resulting internal competition is responsible
for the oceurrence of eritical periods and their attendant
dangers.

The functioning of particular enzyvme svstems and the avail-
sbility of and nceds for particular substrates presumably
are inextrieably interwoven during development and depend-
ent on each other. But the immediate cause of the failure
of eertain organ primordia to develop normally after freat-
ment with teratogenic agents must be looked for in a lack
or insufficient supply of necessary substrate and it may he con-
eluded from our ohservations that selective starvation plays
an important role in the origin of malformations. The pat-
ter of abnormal development varies with the stage attained
at the time of treatment, hut differs considerably from that
ohserved on explanted blastoderms (Spratt, ’50). The se-
lective susceptibility of skeleton-forming material is one of
the oufstanding features of our observations.
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SUMMARY
Ot o lrcoresntl o e 7]
Our observations can he snmmarized as follows
With proper dosage and timing supplementary nicotinamide

protected against the abnormalities (micromelia and beak

defects) pmﬂuced by insulin-dnjection at 96 or 120 honrs of
development,
Nicotinanidde deereased fo some extent the maod ifvine ae-

o nsudin on the expression of he

1
1<

1 ditary Wmd;u‘t‘\‘ hism.
The ‘7‘1 ddence of rumpleseness alter Insulin at 24 hours was
only slightly rednced by suprlementary nicotinamide.

At 24 hours, but not at 96 or 120 hours, embryo mortality

after insulin-treatment was much inereased hy supplementary
nicotinamide. At the earlier developmental stane nicotinamide
had vowu‘zm able toxieity when given alone and was responsi-
ble for the ecenrrence of beak alnormalities.

The mvldozwv of heak defeete after inslin 2t 96 honrs conld
be celectively reduced by supplementary glucose-1-phosphate,
cifric aecid, exalacetic acid and, prohahly.
phate. There was no simil
extremities (micromelia,

fructose-6-phos-
ar lowering in abnormalities of the
svndactylism).,

Prruvie aeid, when given as a supplement to insulin-treat-
ment at 24 hours, greatly reduced the incidence of rumpless-
ness and lowered embryo mortality. The same was not
true for phosphopyruvie acid. Results similar to {hose
with pyruvic-acid supplementation, it less spectacular. fol-
lowed supplementation with lactic and eitrie acid. Tsocitrie
acid was highly toxie and inereased the incidence of rump-
lessness.

In later developmental stages pyruvie acid was very toxic
and in combination with insulin potentiated the teratogenie
effects of the latter.
stages,

Lactie acid also hecame toxie at later
but, when given three hours prior to insulin. it still
had some protective value.

The l-glutamic acid hydrochloride, when injected hy itself at
24 hours, had a low rumplessness-indueing effeet, hat it re-
duced the incidence af rumplezsness after insulin treatment
when used as a sapplement,

-
co

D



258 WALTER LAXDAUER ANXD MARION B. RHODES

Sodium suceinate and 3-hydroxv-anthranilic acid potentia-
ted the effect of insulin at 96 hours. This potentiation was

[V PPy LL v

the grcafer the lower was the ineidence of a particular ab-
normality after insulin alone. Given by themselves hoth com-

pounds were harniless.

Malformations produced by insulin-treatment at 96 or 120
honrs, and not heretofore reported. arve svndactvlism and
clefl valate, the latter associnted with eolahoma of the face.

Tests with inhibitors of anacrobie o olveolysis (sodium malo-
nate. sedinm fluoride. glveernldehyde, phlorizin, monoiodo-
acetic acid) showed that phlorizin and ospoo mlv monoiodo-

¢ acid, injected at 24 hours of ineubation, produced a
cmmuomb‘e lucidence of rumplessness. None of these in-
hibitors were teratogenic at 96 hours.

Our 1‘0.\'11“.\ demonstrate that certain substances provide
protection against those teratogenic compounds which in 24-
hour embrros tend to induce rumplessness, that other sub-
stances forestall, completely or in part, the production by
chemical interference at the 96- or 120-hour stage of micro-
melia, syndactylism and beak defeets, that some supplements
furnish differential protection (e.g. against beak defects, but
not against micromelia), and that other supplements produce
differential potentiation of the insulin effects (e.g. raising the
incidence of syndactvlism much more than that of beak ab-
normalifies). It follows that the metabolic situations upon
whicli act the teratogenic agents as well as the substances
used as supplements, vary not onlv hetween different devel-
opmental stages, but also between different orgzan primordia
of one and the same stage.

It seems likely that the teratogenie effects of insulin are
produced by rendering enenzyme unavailable to the embryo.
During the early and predominantly anaecrobie stages of de-
velopment pyruvie acid, by aiding reoxidation of the pvridine
nucicotides, presumably serves to prevent insulin damage.
During later stages, and on account of the chaneed xeCpxra’corv
conditiens of the embryo, nicotinamide supplementation is
required 1o offxet the blackine eoffect of irenlin on the co-
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nsulin in their terato-
; iniemcr:nce with the same or
closely rel skements to insulin troat-
ment seem fo be benoﬁcml or noxious according to whether
they aid or hinder in relieving the insulin determined scar-
city of coenzyme.

The long duration of suscepiibility to insulin treatment of
the : al parts can be explained on

the h"\l\ of the special significance of glyeogenolvsis in hone

¢ T .
dieud 1ie

SRS B S T
o ]“"“' 3 and Ui}iii’! R

caleification.

The principles of ‘‘unspecific” retardation of embryvo
growth, as enunciated by Stockard and others, cannot explain
the origin of the teratogenic processes here described.
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This invention rx“u'-"t to the «1e - L mauufl
efiervescent fovorore powder that is rcenishb

a beverege of the mld or fruit-fiavorzd type whica sin
lams. the soda like (ootc sensation of carboritiva “bite” of
bottie! heverages.

H. ofore, the art has long so

a beverage powaer such as woeu
saturated soluiion of carbon dicside,
art workers hove conceraed thensdves with
of an efiervescent couple throv i il reaction »0 o ¢
bonate and an ackd.  Althouwsh {ns paechuniban bas S
available TOr meny veirs, Bo congsreialy wid Leverayc
powder hus been pravided wiivh on drinding appr
mates the cuarboneion suat o o bverenes of ihe
cola type vended in air-ligit ;',! vy oor metal ooataines
produced by the creation of a &t Grated SOMIIOn Gonieia-
inr several volumes of carbon ';ms.‘»‘:. S bout, bever-
ages formed from s cig are cinn :.,x.ru.cj
as Iapmly “fizz .0y d,oupen adishon 1o
water undergo mupid xf:z\f‘lnm Gf e eitervesty st acids
carbonate coupls with wn chine Pnmtuate Jas nf any
available carbor divxide.  Tn fuig upon e pesanc of
as short a peiiod of e as 2 10 3 b oinates a @ fantini-
ly saline beverap: is experiinond with listlr or no
discernible sustiined © arbonusine,

It is an ohject of the prerent iavention, therefore, 10
provide a Loveregs iy whizh subsinnii ‘lv simu ates the
beverage character of & sup uc- n“‘md sohuion of ¢ar-
bon dioxide which is commonity sold as a froif flavored
or cola beverage.

A more particular object of ihe
to previde a beverage pov der oo form such s can
be readity reconstitnted either with uatural or sruficial
sweeteners amd sustoins the carbonation effect ¢ Lmming
from the tcaction of acidic eosunonents and < ubon di-
oxuic containing salis withonl ereowsdering oty iz
ing” and degossing of tic NUTUTIIR ATt S ﬂl()«ilL‘:t‘-v.

The presept invention is fous led vpon the discovery
that when o retuively instantly soivble bicirbeate sall
and a relatively instantly solubh: torm of @ fod grade
acid are put into solution rapidiy Gy in a period of less
than § seconds) a solution of ti reegents thus produced
creates n metastible solution of varbon diowide 2od shin-
Jates the beveregs ;”m(v of o botiled or canned ¢iir-
bonated drink of the cola or Iiuil-}i.;\'(-rcd type.  In ac-
cordance wilh tha present invention a reiatively sedubiz
form of a bicarsonde salt is fo=iy divided w0 @ particie
size which is cupable of going 1apully it soiction in
a period of prefen ly Jess than 3 nzcomds; o2 iespond-
ingly, an acid povder such we eitrie, mualic, feniaric,
adipic and the Jike, is suitably sized throvgh st livision
to a linciy partticolule stote so thut it foo NEFIHA
solution rapidly and essentially i combiiadon st the
Jiquid bodies resvltng Jrom solution of the bicrbonatie
Lolution

oht 1Lc prl‘\i.‘;iun of
reconstitute into &
Iz', the mi, prior

the wrention

present invention is

resulis in an brmediale reaction betwen the
produs Whils the present invention is not v by uae
derstoud as resticted 1o any paticd o iheon g i sdiscerns
ing the scope theseol defiond in G eomparyiin, cluin,
i is betieved the sapad and desfastincous deidcion be-
indiv.. zs‘r.' bodios of Licaaoite sehoion aud

ettt e powlers

twecn
acid solnfion reauline from
hereaf into waicr pives Tise 10 & metictble sote sueh

T
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as resuits from addiy

solutiors and a duguid

1t is o pardculor feature of tlx
both the ac s compapent wid
Jr puncor Toitn shol
such 1y
food acid ] Gwde
peitdsd b e e
firei

nAle COMPOnSi
s optiomtim particle s
Ay 1o trece quanotics of over-sied
or bicarborate puvosrs are lefi wuss
coatiieied Uoverane, Jo thls way
] manif st i eovivoosent heve
powoin o coneaed oud salmdon efiiuivi
is increasad many-told, Thus in the cese of sodium
it will peeferabiy be provided in a formt
hag o selatnely nanow particle size distribution w
at the e time being finely Hvided g0 as to he oy
able for rapid and substuntiuily instanianeous sol ution in
thn recomstitntinge Youid,  Pissolution time should io
vnder § weconds end preferably U to B s, Likowine
ths food acii such as citric aaid vnd v s of the oiher
edibie wi neids will be finely divided and bave
A DRTroe) dele size rangs sven thes they too will be
substealinliy uniiormly dicperead i the reconstituiing
agueovn medium and no overized acid bodics will b
leit avuilab'c alts § seconds ia the aqueous medium.,
Eesentit Ly, the waicht percent of bicerbouale to e
i sdor depends upon the infended degree of cu:-
e satprsden mie for ibe bevernge m‘m-
tion,  for frubi-fa
saturati will be enlled for
type woueh s ravie cnslly in
Iy sutorated cabegory. (N ety 1
over dhaoslance of the unifemy? od acid powder. /o
ovei-abondance of froit ackl heuid be used so as o -
pert the required s0urness w comyploment the frui
other flover deciied for the rare produced upon e
consiitution of (e powder. 'in. arsount of carbonaiion
obtaing e will de r.a..d upen i eaibonate element o
the veneenis,  buriner, the lovel ol vicatbonale compe-
nent of e ‘wvn'uv mis shauld, in accordance with 1o
present invention, be substantiully below that point where
selubilry of the g mey of bicarbonate nowder by weinhy
o the reroantituted diquid wiil endunrer the mstanter
ors ereation of bicarbomte sojution. lo other we ‘!,,
an exsess of bicarbonate po\.k:\".‘ shonld not be Jolt s
pended slter the beverage tdx has lLeen reconstiti s
otherwee o nuclesting awd deesssing effect witl ensie
the clivs ent conple continues to react. The I»
of zxuiu‘ reguired will be ]m.mu ted upon the depres
sourncsn recuired for the intended tavor and, as judicrid
pu\lul‘ dy, amany event \ml be in excuss of that ann
reguirg:t [tr\)‘\t(n'l a compete and swiilcient reachois |
furnif:h,.lg the carbon diorive scluticn; thus, the woi
Jhould not and witl not be completely neutrahized m e
coe of ating the carbon dioxide solucon.

Ol
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in the case o: i
creatirated or Ixi/' ;
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Tie lneantion m s varicus emboabments will now |
mote fuhy daseribed.  One preferred anbodiment of {5
invention mvolves ,_rl (‘xm' and sifting sodivm, pota ¥

or othor water-solibe form of bizavoonate to a o
divided vmdorm :,L,v.te haviity an average particke
o apet 400 mesh, The particle size must be su
but o ite wane tuoee b abova that pauicle size who
the prrticies thanseives will eburep or float upon atienyy «
recoistition in wals In g ral, the avaerace parit

: fred sodium bicavizon.
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over-sized particles of bicarbenate.  For most edible
food grade acids such as citric, adipic, tartaric and the
like, the particle size range will be such that 955 of the
acid powder passes a nomber 50 moesh screen and will
not be small enouch to result in clumping. The particles
should have an mverage mean diapcter not preater than
about 300 microns. In the case of the acid powders,
they are less likely to Jom and clump and, hence, the
smaller mesh of particle size i1s not as crtical as with the
bicarbonate powder.  In uny event, the acd powder
should be subdivided to a purticulaie state whereat sul-
stantially all of the free bodics thereof will enter into
solution for reaction in a period of less than § scconds
and preferably in 1 to 3 seconds,

As an alternative form of the invention, the sodium
bicarbonate may be dissolved in witer and the solution
subdivided to a fincly particutate stute and dried at helow
100° 1. This will result in a free-flowing powderous
uniform finely divided form of bicarbonate  powder.
Thus, a water solution of spdium or potassivm bicar-
bopate solution may te spray dred under conditions
which yield a particle size distribution within the afore-
stated particle size range.  In sotill another embodiment
of the invention, the finelv divided bicarbonate can be
vo-dricd with a bulking apcent of the water soluble tyvpe
such us any one of the variety of rono-, di-, und poly-
sac:lides typified by sucrose and dextrose.  In this
embodiment of the invention the bulking agent will be
placed in solution (e.g, sucrose), the sodium bicarbonate
powder will be dispersed therein and the solution will then
be spray dreied.  Aliernatively, a solution of sodivin bi-
carbonile may be co-diied with a sngar solution (such
as sucrose) to the aforestated particle size wherein the
sodivm bicaibonate powder will be rendered aviilable for
substantiully rapid and instantancous solution upon re-
constitution with the acid component of the beverage mix.

The two dry mix components can be intermixed with
sucrose or any other flavoring agent such as dextrose,
lactose, corn syrup solids and the like or, alternatively,
can be combined with an artificial sweetener such as sac-
charin, sodiem cyclamates and saccaharin in combination
with sodium cyclamates.

The powder should bz packaged in a substantially
fufly condition such that the components are maintained
as substantially discrete one from tie other as puossible.
while avoiding any interaction such as may resuft through
the presence of moisture during and after pachkaging.
Accordinglv, it s Buposiant that the dry nixes be pack-
aged in a hermetic contuiner such as substantialiy main-
tains whatever moistuie equilitnum exists during initial
In pachaping the

packaging of the powderow, muterial,
companents of the piesent invention, care should be tuken
to assure that the discrate and finely divided state of the
acid and bicarbonate compenents is maintained with a
minmam of clumping or comnaction: so that upon opon-
ing the envelope or other container therefor they wil
be rapidly and instantly soluble with & minimum of nucle-
ation and the concamitunt ficzing and degassing effeets
which could ensue.

In accordance with the present invention. it is possible
to cbtain carbon dioxide efficiencics of about 857% of
theorctical through reaction of the bicarbonate with the
acid. This represents o markedly irproved reoction efii-
ciency in comparisan to the beverage powders and pills
now marketed for beveraze casbonavon purposes. Upon
reconstitution the mix rapidly goes into solulion upon
simple spoon stitrine with one stir. The mix itelf may
be added to warm or cold water (preferably cold) to
maintain maximum cabon dioxide refention. The water
may have a sweetening wgent <uch g sucrose separcstey
added to it by the consumer or sucrose may be present
in the mix and wdded with the adid and bicarboaate
component theveef.  Acverdinely, 3t is preferred in ac-
cordance with the present invention, that the sugar be

1t
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sold as a component of the mix to assure the desired
carbonation result is achieved. On the other hand, the
housewife or ather consumer can be instructed to place
the sugar, sucrose or other sweetening agent into soiution
prior to additon of the mix thereto. Where the sweeten-
ing agent (e.e., sucrose) s placed in intimaie adnuxture
with the bicarbonate and acid components, the sugar,
sucrose or other sweetening agent should be finely divided
Lo a particulate state approximating that of the bicarbonate
powder itself <o as to assure that there is virtually no
nucleating agent present when the mix is reconsttuted.

Upon reconstitution the beverage witl effervesce for
just an instant (say in the neighborhood of 1 (0 2 seconds)
during which time bubbles will ascend to give somewhat
of a sparkling and visible effect of carbonation like that
of a botiled carbonated beverage. However, unlike the
fizz pills and powders of the prior art, this ebullition
wiil onlv last for an instant and only very few hubbles
will be apparent. Thereafter visible carbonation will
cease completely and only several smalt bubble clusters
will remain on the sides of the conmining vessel.  The
beverage sclution can theu stand for a long period of
tme (10 1o 30 minutes) without any ebhullition of CO,.
Upon consumption of the beverage the consumer will
experience a curbonation “bite” like that of bottled car-
bonuted bheverages due to release of gaseous CQ, in the
mouth.  Indecd, it is at this point that the effervescent
cffect will be experienced and this will occur rapidly to
furnish the required refreshment and novel sensation to
complement the flavoring or other constituents of the
beverage.  As contrasted from the beverage or fizz pills
employing an eflervescent couple, the reconstituted mix
will stand for extended periods of time without losing
its inherent carbonation effect.  The reconstituted bever-
age can stand for over an hour at room tempecrature
without losing its carbonation properties, the carbon
dioxile thereofl being lost very slowly.

The imvention will now be more fully described by
reference to the accompanying detaifed operative example.

EXAMPLE 1}
A onc volume beverage concenirate

Constiluents: Grams
Precipitated sodium bicarbonate (45 micron

averaee mean diameter) oo _ 900
Anhyvdrous powdered citric acid {297 micron

average mean diameter) oo .. ..__ 1390
Sodium cyclamate-saccharin (3:1 ratie) ____ 150
Flavor 9
Coler 1

The citric acid and sodium bicarbonate are mixed and
then tumbled within a smooth drum 10 inches in diam-
cter and 15 inches long, turning about a horizontal axis
rarallel te the longitudinal axis of the drum. The speed
of rotation is 100 r.p.m. The tumbling is carried out
for about S minutes.  Next the cyclamate-saccharin (3
paris cyvelamate to b opuart saccharin), flavor, and coler
ingredionts are addead to the drum and tumbling continued
for 1 to 2 hours at a humidity of 20 to 405 and a tem-
perature of about 75° F.

In this manner a thoroughly bicnded and homogenous
mixture of the finely powdered ingredients is obtained
which can te packaged in small aluminum foil envelopes
suitable Tor containing enough dry mix to form a 7
ruze drink.  Fach envelope should centain
ms of the dry beverage concentrate in onder
to form a 7 ounce (200 oo of water) carbonated bever-
aze containing about ore volume €,  One swish of
the stirring spoon is cnough to dissolve the bheverage in
1 to 3 seconds to give a metastable one volume waier
solution of COy. The carbonated deink exhibits no visi-

ounce beve
sbout 2.7 ¢

bl efiervescence or carbonation after a slight gaseoas
release of COy which Fubbles off on initial contact of the

dry powder and witer. The beverage solution is stalle
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on standing for 10 to 30 minutes and only gradually
Joses soluble CQO, to the atmosphere. The beverage has
a distinct carbonation “bite” when placed in the mouth
after 15 to 30 minutes.

While this invention has been described with particular
reference to the preferred alkali metal bicahonates such
as sodium and potassium bicarbonate as the carbonatinz
agents to be used in praclicing the invention it is under-
stood that other forms of carbonating agents may be
uscd such as sodiam or polassiurn carbonate.

It will aleo be apparent to those skilled-in-the-art that
although this invention has been described in terms of a
specific example, that varions modifications may be made
thereto which will falt withir the scope of the appended
claims.

What is claimed is:

1. A rapidly dissolving. dry effervescent concentrate
adapted to form a carbonated beverage with water, com-
prising « plurality of ingredienis including an acid com-
ponent and a carbonating component, said acid compo-
nent including particles of an edible food acid having
an average mean diameter not greater than about 300
microns. and said carbonating component consisting ei-
sentizlly of particles of an alkali metal bicurbonate hav-
ing an average mean diameter not greater than about S§
microns. all of said ingredients being soluble in water
with agitution in Jess than § seconds.

2. A concentrate as claimud in claim 1, in which said
food acid i~ selected from the groap consisting of citric
acid, adipic acid and tartaric acid.

5

10

30

6

3. A rapidly dissolving, dry effervescent concentrate
adapted to form a carbonated beverage with water, com-
prising a plurality of ingredients including an acid com-
ponent and a carbonating component, saig acid compo-
nent including particles of an edible food acid having an
average mean diameter not preater than about 300 mi-
crons, and said carbonpating component consisting es-
sentially of particles of an alkali metal bicarbonate has-
ing an averape mean diameter of about 35 10 55 microns,
said acid component being present in an amount in ex-
cess of that required to complately react with said car-
bonating component, all of said ingredients being soluble
in water with agitation in about 1 to 3 seconds,
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Tartaric acid extracted from grape must and citric acid extracted
from citrus fruits hazve been used as acidulants in foods since long
ago. They were practically the only acidulants used by the food indus-
try for a long periocd of time., Now, with the increased consumption
of acidified foods and as & conseguence of the precence of more
economical acidifying agents, an increased effort by industry to
supply the consumer market of thesc acids with other acids, organic
or inorganic, non-toxic in the guantitics habitually used by man,
to be used in foods has been observed. At that time two alternatives
were availeble: 1) to extrazct or synthesize ccids commonly present
in natural focde; ?) to try to obtain other acidulants which were
not usually precent in comestible fruits and which were non-toxic
elsewhbere. The truth is thset many existing organic acids, abundant
in fruits a2nd other comestible parts of vegetables, are toxic to
animals causing pronounced nocuous effects, as is the case with
oxalic eacid.

An acid found in abundance in fruits of the Pirus class is
maleic acid, very carefully studied in relation to its industrializa-
tion via synthesization when its effects were more or less known.
Today, aside from the small quantities of natural L maleic acid
at our disvocition, we also have great quantities of synthesized
DL maleic acid. Glycollic zcid, contained in many fruits, was
proposed for use as an acidulant after the cecond world war due
to the facility of its vreparation by synthesization from acetic
acid. e

Lactic acid, apoearing in many fruits and animal organs, found
widespread use as an acidulant in foods. The diffusion of its use
is due to its economical manufacture by the fermentation of sucrose.

In the economic field much rrogress was m=de in tne nroauction
of citric acid by the fermentation of sugar so that the consumption

of this acid has been grestly increased.
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Lastly, among the organic acids proposed and well accepted,
cluconic acid stands out, commercially furnished in the form of a
ratery, syrupy solution. This zcid is also found in many fruits,
and is easily prepared by the oxidative fermentation of glucose.
The zcid itself, as well as its salts (of Ca, Fe, Cu), is exten=-
sively used in modern therapeutics witn mineral salts,

The only inorganic acid proposed as an acidifying agent is
phosphoric acid. This, as well as the other acids mentioned, has
an arrceable taste and is not toxic in gquantities habitually used,
and is further recommended beczuse it may be produced in a very
pure form.

The first question raised at any proposal for a new acidulanf
to be used in foods is its degree of toxicity, and later, what
other properties scem favorable to its use in alimentation, what
is its grade of purity, flavor, aroma, etc.

The data on toxicity found in ccientific literature is gathered
in our present work. There are acids which have been very carefully
studied in various laboratory &nimals in relation to their effects,
scute or chronic toxicity, lethal doses, etc. Others however,
in spite of much reccgnition, have not been approached from those
aspects.

we will now ex=mine each acid separately.
CITRIC ACID

There are works in Scientificilitcrature which sometimes
argue against the indiscriminatory use of this acid.

zipkin (1947) of HIH in studying the citric acid content in
human saliva revealed that in each 100cm of saliva in the adult male
there is from 0.6 o 2.0mg of citric acid., 2ipkin suggests the
eyistence of & relation between salivery citric acid and erosion of
enamel and cavities. The decalcification of the tooth enamel by
the citric ion is suggested by the observation that this ion
with that of calcium forms a soluble ionized compound in the
investigztions of Shear, Kramer, #nd Resnikoff (1929). And Clure
and Ruzicka (1946) observed that the citrate, in a practically
neutral drirk, had & pronounced dectructive effect on the dental

enemel "in vivo',
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In oprosition to the findings of Stafne and T.ovestedt (1947
PRge y

ma

Newman (1945) verified that there was ro evidence observed relating
o the destruction of teeth which could be ~ttribvted to the effect:s
of citric acids of citrus fruits. Experiments were conducted on

“uerto Ricans who ¢ cumed an average of 4.24 oranges or grapefruits

per d~y for 5 to 6 ths a year.
T.eschke (1932) stes that citric acid has a hindering effect
on blood circulatic ~hich clocsely ressembled that of oxalic acid,

occasionally leading to grave intoxications, even death. It is
particularly grave in children in whom circulatory deficiencies
and unconsciousness could occur after the ingestion of even 1 or 2
lemons. The suthor mentions the case of a young woman who ingested
25¢ of citric acid in one time for a laxative effect; che began

to vomit continuously and aimosti died,

Ls to the destiny of the ingerted citric acid, Sherman, Mendel,
and Smith (19%2€) conducted studies on laborntory animals, observing
the poscibilities of destroying large doces of citric zcid in dogs.
Tn the orz) administiration of 0.5 to 2.0g/kg of acid ap roximately
n.7% is not oxidized, apn aring in thre urine. The ingestion of the
scid did not affect either the pH or the total nitrogen collected
in the urine in 24 hours. Kuiper and Mattill (193%3), in studies
on men, concluded that when from 2 to 20mg of citric acid is ingested
it is repidly oxidized in the organiem, only 1.5 to 2.5% remaining
which is excreted in the urine.

The toxic effect of citric acids and jts salts was recently
determined by Gruber Jr. and Halbeisen (1948&)., They determined that
the symptoms proveoked by the administretion of large doses of citric
acid and citrates rescembled those of a calcium ion deficiency,
which are an increase of general activity, the arvearance of hyper-
emia, peripheral vzeal dilation, salivation, clonic and tonic
convulsions, cyanosis, and at times, death. The median lethal dose
in millimoles/kg was determined in different animals. The recults

are chown in the following table:

D.L. nillimoles/XE

Habbits mice Rats Rats Rabbits
intraven. intraven. intraperit, intreverit. intraverit
Citric Acid 1,77 0.27 5.0 4.6 0.331
Sodium Citrote 1.76 0.23 7.6 6.3
Biscdium Citrate 1.77 0.3%0 7.5 7.3
Tricodium Citrate  1.74 0.60 5.5 6.0
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If we take the results of the D.L. for the rabbit administered
intravenously and transmute them for a man of medium weight (70 kg)
ve will obtain D.L. = 7.1g/70 kg.

Th: chronic tdxicity after a prolonged administration of citric
ccid was determined by Krop and Gold (1945), revealing that after
receiving o dose of 1.%8g/kp of acid for 103 to 108 doses (2 dogs)
the animals did not present any symptoms of intoxication, even
upon a histological examination. Such results, calculated for a
man of medium weight of 70 kilos, would give us almost 63.6g daily
as a non toxic dosage,

Through the work of Kuiver and Mattill already reported we xnow
that an ingested doce of 2 to 20g of citric acid is quickly metabol-
ized in the organism and that only 1.5 to 2.5% is excreted in the
urine. Weiss, Downs, and Corson (1923) fixed the tolerable dose
of maleic and citric acid by prolonged administiration at 2.5g per
kilo in rabvbits, and at around 2g ver kilo for tartaric acid, These
data calculated for a man of 70kg gives us the daily doses which
may be ingested for a vrolonged time without damage to health:

Maleic and citric acid -- 53z/70kg
Tartaric acid ~~ 433/70kg

DISCUSCION

The objective of the present work was to bring to light
scientific truth concerning the toxicity of the mentioned acids,
so that they may or may not he admitted as acidulants in food and
drink, inter nos.

The Law 15.642 of 9/2/46 which aprroves the Regulation of the
Supervision of Public Alimentation barely admits the uvse of citric,
tartaric, »nd lactic acids as acidulants, In view of what has been
expoced, it is easy to verify that come of the other zcids could
be included more readily then terteric acid.

In the discussion presented and in @ccordance with the data
obtaired in literature, daia reculting from experimental findings
in lehoratory animals, whether concerning acute or chronic toxicity,
we mzy ccnclude the following:

Daily doses telerable ty urolorged adrministration in an adult
of 70kg without damage to hcalth:

1. Citric acid 53¢
2. Maleic acid between 4% and 53g



Lactic zacid
Tartzric acid
FPumaric acid
Gluconic acid
Glveceollic ccid

Thosvphoric acid

medien 43g
28

approx. 43g
17¢g

18g

11g

1652



1652

Bibliogravhy (FRENCH)

Bordas, F. - 1927 - Lactic acid in alimentation. Ann. False.
Froudes 20:472-477. Resume in Chem. Abstracts 1928, 22: 643.

Cautrauv, F®. = 1504 - Phosphoric acid. Its inocuousness. Its
principlc indications in therapeutics, Presse lMeeicale 74:488-589,

Corbiau, 7. = 1936 - Modifications of rhosphaturia provoked by
tThe daily ingestion of bisodium phosphate. C.R. Soc. Biol., 122:
474~4'15.

Gueylard, ., and IV, Duval - 1922 - “ompared toxicity of various
Z03ds in fish (Sitickiebacks). C.R. Acad. Sci. 175:1243-1245,

Lebeau, . 4 Courtois, 7., - Trectise of Chemical pharmaceutics.
el S S 2

3rd rd., iii.5, lhasson et Cle., 1946; 1:246-247,

Lecrg, M.3. -~ 1936 - The production of aviary polineuritis by
me: 5 of u.ets rich in glucides, protides, or lipids, including
high doses of B vitamins, by the simple addition of lactic acid.
C.R. Acad. Seci., 202:1304-1207.

Lecocg, 1. end Villius, F. - 1932 - The action of some calcic
derivetiven on the ovolution of experimental rachitis in rats.
C.R. Soc. kEiol. 109:539-541,

lLecocg, R, and Vi®lius, ¥, - 19322 - The action of some inorganic
coripounde on the evolution of experimental rachitis in rats,
C.R. Soc. Biol. 109:620-631,

Lecocq, R. 2and Villius, T - Action of some glycerophosphates
on ihe evolution of rechitvis in rats., C.R. Soc. Biol. 110:
687-689,

Lecorg, K. @#nd Viletr H- 19%% - Influence of metal on the
antirachitic action ol orthophosphates. C.R. Soc. Biol. 114:
1096~-1098,

Violle, 1. - 19%7 - Contribution to the study of the destruction
of patiogenic germs in drinking water by tartaric acid followed

to

or not by its neutrzlisation. Presce Medicale 45:3%81-3%98,

Bibliography (GERMAX)

Furth, 0. and Ergel, P. - 1930 - Uber die Assimilierbarkeit und
Toxizitat razemischer Mi' cheaure, Biochem Ztschr., 229:381-396.
Recume in Chem Abstr cts 1931, 25:1588.

Griesbach, M. - 1928 - Nochmals Recresal und Leistunsfahigkeit,
Med. Welt, 2:181¢8,

Hermann, &. - 19%0 - 2Zur Pharmalkologie der Glukonsaure; ein
Beitrag zwn Problem der Wirkung freier Sauren im Organismus.,
Arch. Exum. ¥ath., Pharmakol. 154:14%-160, Resume in Chem, Abstracts

19%1, 25:5068.

Hermann, &. and Zentner, M, - 1938 - fusccheidung peroral vera-
TTichier Liuren una irner salze im Kerinchenharn. Arch, Exp.




1652 °

Hermann, S. and Zertner, M, cont. -Path. Pharmakol. 188:518-520,
Recume in Lnem. ioetracts 1932, 23:5499.

Leschke, Trich - 1932 - TForschritte in der Erkennung und Be-
handlung der wichtigsten Vergiftungen. XI. Vergiftungen mit
Oxalsaure, Zitronen—-, ¥Milch-, und Pikrinsaure. Munch. Med.
Wochsch., 7¢:1481-1/48Zz.

Noorden, C. von - 1921 - Uber Phosphorsaure in der Kost und
als Necikarent, Therap. Halbmonatshefte 35:79-82.

Norpoth, L, and ¥ecen, E. - 1933 - Untersuchungen uber die
Vilchszure des lMigenscites. Arch, Exp. Path. Pharmakol.
169:414-428,

Poppelrenter, W, - 1930 - Zur Frege der Steigerrung der industriellen
Zrbeiicfanigkeit durch Recresalzufuhr. Arbeitephysiologie 2:507~
518.

Poprelreuter, W. - 19%0a - Selbstbeobachtungen uber die Wirk-
ung janrelznger “hosphatzufuhr. Lrbeitsphysiologie 3:605-611.

Rham, ¥. - 1932 - Uber die Wirkung des Recresals zauf die koper-

Tiche und geistige Leistungsfahigkeit. Arch. Ges. Psykol.
86:459-527,

Bibliogrephy (ITALIAN)

Cambosu, G. = 1940 - 4 study on the biological purification
of weter by the use of tartaric acid. Igiene Moderna 33:74-80.

Gajatto, S. - 1939 - Pharmacological rescarch on monosodium
phosphate. Arch., Farmacol. Sper. 68:87-98.

Negro, 0. and Beri-sso, G. - Biological surification of
£X9, k 2. . > . purl . :
drinxing water oy treating with tartaric acid. Giorn. Batt,
Immun. 25:687-608,

Biblicgraphy (PORTUGUESE)

Rolim, R. - 1942 - On the acidification of the vitreous humor
in the ireatment of glzucoma. Brasil-Fedico 56:3%2-33%%,

Bibliogrephy (SPANISH)

Collezo, J.A.3; Puyal, J.; Torres, I. - 1932 - Lactic acid
Conclidered as alimentsation. 1. 1ts assimilation and toxicity
in the rabbit. An. Casa Salud Valcilla %:253-265 and An. Soc.
Espan. Fis. Quim., 193%, 31:672-684. Resume in Chem. Abstracts,
19%4, 28:5%31.

Hager, E. A treatice on practical pharmacology. Trans, 3rd ed.
Barcelona, Labor S.A., 1942; 1:261 and 263,



165 2%
Bibliography (FRENCH)

Reutter, W. - Treatise on pharmaceutical Chemistry., Paris,
J.B. Bailliere et Fils, 1939; p.18.

Vladesco, Radu - 1936 - On the presence of lactic acid in the
saliva. C.R. Soc. Biol. 121:275-276.




&)
a4

165

Wov. Tost Al Lite 2 1. /5

AGENTES ACIDULANTES UTILIZADOS EM
ALIMENTOS

por

GERMINIO NAZARIO
do

Ingtituto Adolfo Lutz

Desde remotos tempos, tém sido utilizados o dcido tartdrico extraido
do mosto da uva e o &cido citrico extraido de frutas do género Citrus como
agentes acidulantes em alimentos. Durante longo tempo, empregaram-se,
na inddstria alimenticia, quase que exclusivamente éstes cidos. Todavia,
com o crescente aumento de consumo de alimentos acidificados ¢ em conse-
qiténeia da procura de agentes acidificantes mais econdémicos, observou-se
um acentuado esforgo industrial no sentido de fornecer, ao .mercn',in consit-
midor désses dcidos, outros, quer orginicos quer ndo, que tivessem pu]adqr
apropriado para o consumo como alimento e que fossem destitufdos .do toxi-
cidade nas quantidades utilizadas habitualmente pelo h()r’n(.-m. Dois cami-
nhos apresentavam-se entdo : 1.°) — extrair ou sintetizar dcidos mmmment?
presentes em alimentos naturais; 2.°) — procurar obter outros agentes
acidificantes nio presentes usualisente nos frutos comestivers e destituidos
de toxicidade. Verdade é que muitos dcidos orglnicos existentes, al’m.nd:mte-
mente, nos frutos ou outras partes comgstiveih‘ do \'(:gctal sdio toxicos aos
animais, acarretando mesmo efeitos nocivos pronunciados, como ¢ o caso
do dcido oxdlico. .

Um 4cido encontrado, abundantemente, nos frutos do .g("xmm_ ’_arus-é
o 4cido madlico, cuidadosamente cstudado quunto & sua mdust_rmlxzn'g'fm
por via sintética, j& que scus efeitos cram mais ou menos c’ox.xhe('xdus. ) Ie-
mos hoje, ao lado de pequenas quantidades disponiveis dc' dcido L.‘ mah’co
natural, o dcido D L madlico sintetizado em grqndes quantidudes. Também
o fcido glicdlico, contido em muitos frutos, foi proposto, desde o .\‘vgnnd_a
grande guerra, como agente acidificante, pois que sua preparagio por via
sintética é facilmente exegiiivel a partir do Acido acético.

.0 4cido latico, outro dos que ocorrem em mu?t(.)s' frutos e Ordos ani-
mais, encontrou enorme aplica¢do como agente zu-ld.lfxcamc em u_hmomus.
Deve-se s difusfo do seu uso & manufatura econdmicamente realizada por
fermentagdo da sacarose. . )

No campo econdmico, enormes progressos foram feitos com a p’rq«luqa})
de 4cido citrico por via fermentativa do agdcar, levando a que tal dcido ti-
vesy - consumo grandemente aumentado.

.do para publicaglio em § de dezembro de 1951,
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Por fim, entre os dcidos organicos que tém sido propostos e bem aceitos,
destaca-se o dcido gliconico, fornecido comerelalmente na forma de solucio
aquosa xaroposa.  Este dcido é encontrado tamhém em muitos frutos, sendo
facilmente preparado pela fermentacao oxidativa da glicose. O 4cido em
si, bem como seus sais (de Ca, e, Cu), é extensivamente aplicado na tera-
péutica moderna de sais minerais.

PO

organico, foi o dcido fosférico. Este, bem como os demaix dcidos enumerados,
tem subor dcido agraddvel e é tido como atéxico nas gnantidades usadas,

apresentando, além disso, a vantagem de poder ser fabricado em alto grau
de pureza.

O tinico dcido proposto como agente acidificante de alimentos, néo

A primeira questdo que se levanta a toéda e qualquer proposi¢io de um
novo agente acidificante utilizado na alimentacdo é saber o grau de toxici-
dade désse novo agente, desde que outras propriedades sejam favordveis
a0 seu uso na alimentag¢do, como sejam grau de pureza, sabor, aroma, ete.

0Os dados de toxicidade encontrados na literatura cientifica foram reu-
nidos no presente trabalho, sempre que possivel ao lado de outras informa-
¢des de interésse farmacoldgico. Acidos hd que foram minuciosamente es-
tudados em diversos animais de laboratdrio, quanto a seus efeitos, toxicida~
de aguda ou crénica, doses letais, ete. Outros, porém, apesar de muito
conhecidos, ndo foram convenientemente abordados sob ésse prisma.

Passaremos, a seguir, a examinar, isoladamente, cada 4cido.
ACIDO CITRICO

A literatura cientifica registra trabulhos que, por vézes, depoem
contra o uso indizeriminado désse deido;

ZipxaN (19047), do Tnstituto Nacional de Satide de Maryland. estudando
o contetdo de deido eftrico na saliva humana, revelou que, no homem adulio,
cada 100 em? de saliva contém de 0,6 2 2,0 mg de dcido cftrico. Zipkin su-
gere existir uma rela¢do entre o 4eido eitrico salivar ¢ a erosdo e cdrie den-
tdrias. A descaleificagdo do tecido dentdrio pelo ion eftrico é sugerida pela
obzervagiio de que é&te jon forma com o de cdleio um complexo solivel ¢
fracamente ionizado, segundo Snrar, Kramer e Resnikorr (1029). Me
Crure e Ruzicka (1946) observaram, em laboratério, que o citrato, em be-
bida praticamente neutra, tem pronunciada acio destrutiva sdbre o tecido

dentdario “in vivo'.

Em contraposi¢io aos achados de S1arNE e Lovestepr (1947), NEw-
MaN (19148), verificou que ndo se observa nenhuma evidéncia de que a des-
truicio de dentes possa ser atribufda aos efeitos do fcido cftrico de frutas
citricas. Fxperiéncias fornm executadas entre portorriquenhos que conso-

mem, em média, 4,24 laranjas ou “grapefruit” por dia, durante 5 a 6 meses
do uano,

Lescuke (1932) relata que, como efeito impediente da eirculacio san-
giifnea, o 4dcido citrico assemelha-se bastante ao fcido oxélico, levando,
ocasionalmente, a intoxica¢des graves ¢ até mesmo letais. E particularmente
grave em criangas, nas quais, apds a ingestfio de mesmo 1 a 2 limdes, podem

ocorrer deficiéncias de circulacfo ¢ desmaios. Menciona ‘utor o caso
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de uma-jovem que ingerint, de uma sé vez, 25 g de 4cido citrico para efeito
laxante ; apesar de ter vomitado abundantemente, veio a falecer.

Quanto ao destino do 4cido cftrico ingerido, Surrman, MENDEL e
Syt (1936) realizaram estudos em animais de laboratério, ohservando
que o co tem a possibilidade de destruir grandes doses de dcido cftrico.
Pela u(‘lmmxstmcﬁlo oral de 0,5 a 2,0 g do 4cido por quilo de animal, cérea
de 0,79, nio € oxidado, aparecendo na urina. A ingestio daquele dcido ndo
afeton nem o pH nem o nitrogénio total nu urina coletada em 24 horas.
No homem, KKvresr e Marrinn (1933) concluem que o dcido citrico, quando
ingerido de 2 a 20 g, € rApidamente oxidado no organizmo, restando sdmente
1,5 a 2,55, que é excretado pela urina.

O efeito téxico do dcido eftrico e de seus sais fol, recentemente, determina-
d‘o por GRUBER Jr. e HaLpemsex (1948). Verificaram ésses autores que os
sintomas provocados pela administracdo de grandes doses de 4dcido citrico
e citratos assemelham-se aos da deficiéneia de ion de cdlcio, isto €, sumenta
a atividade geral, aparece hiperpnéia, vaso-dilatacio periférica, sulivacdo,
convulsdes cldnicas e tdnicas, cianose e, &s vézes, morte. A dose letal média,
em milimoles por quilo de animal, foi determinada em animais diversos.
Os resultados estio resumidos na tabela abaixo :

D L. s : milimoeles/quilo

dongos dongos

intravenosa | intravenosa | intraperit.

intravenos:

Coelhos Camun- Camun- Ratos ; Coelhns
intraperit. 1
]

Seido eftrieo . .. 1.72 0.22 5,0 1.6 1 0.331
Citrate de sédio 1,76 0.23 7.6 6.3 t

Citrats hissodico 177 0.30 7.5 7.3

Citrato trissédico 1,74 0.60 5,5 60 |

= |

Se tomarmos o resultado das D.L.;, para o coelho, por via intravenosa,
€ o transferirmos para o homem de péso médio (70 quilos), teremos entio a
DL;. = 71 g por 70 quilos. *

A toxicidade crénica, apés prolongada adminstragiio do dcido eitrico
foi gf‘.terminzuiu por Krop e GoLp (1945), revelando que, na duse de 1,35 g
do dcido por quilo administrado a cfies, durante 112 a 120 dias, num nfvel
de 103 o 108 doses (3 cdes), &stes animais nio apresentavam nenhum sin-
toma de intoxiencio, mesmo no exame histologico. Tal resultado, caleulado
bara o homem de péso médio de 70 quilos, dar-nos-in, comn dose nio téxics
ceren de 63,6 g difrias. ,

Sabemos, pelo trabalho de Kuiper e Mattill, ji referido, que o dcido
9“1‘1_(‘0, ingerido numa dose de 2 a 20 g, é raipidamente metabolizado no or-
filllismo e que sdmente 1,5 a 2,5% sdo excretados na urina. Weiss, Dowxs
¢ Conson (1923) fixaram em 2,5 g por quilo, em coelhos, a dose tolerdvel

* Tddas ns doses pura o homem forun ealeuladas 1 i i
e a8 1 & partir das doses conbecidas, em aninais v la-
boramng. vtilizando-se & formula de Mech. P ‘ “ reidus, en it e la

NDALE — The Extra-Pharmacopeia. London, Pharmaceutical Press, 10{1; p. 32
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de 4cidos mdlico e citrico para administracio oral prolongada e ao redor de
2 ¢ por quilo u dose de dcido tartdrico. Fsses dados, transferidos para o
homem de 70 quilos, nos conduzem as doses didrias que podem ser ingeri-
dus duranie longo tempo, sem inconveniente algum para a satde :

Acido eftrico e malico — 53 g/70 quilos
Acido tart4rico — 43 g/70 quilos

ACIDO TARTARICO

De um modo geral, concordam os farmucologistas em que o dcido tar-
tdrico é pouco mais toxico do que o Acido citrico. Fato curioso, entretanto,
é que, dentre todos os deidos utilizados presentemente como acidificantes,
em alimentos, é o dcido turtdrico o tnico dotado de certa atividade antibac-
teriana.  ista atividade, nfo 86 a exerce o deido livre, como tumbém muitos
de scus sais, como seja, por exemplo, o bitartarato de potdssio (SEELING e
colab., 1943).

J4 VioLLE (1937) havia verificado que uma solugdo a 0,35% do 4cido
tartdrico em dgua destilada destruia E. lyphosa em 20 ou 30 minutos, B.
dysenterie Shiga em 2 horas e cholera em 10 minutos. Verificou mals que uma
solucio a 0,4G, faz E. coli diminuir em ndmero, mas, mesmo apds 24 horas,
permancee viva. FrosiNi (1940) afirma que a dgua potdvel pode ser desin-
fetada com 4cido tartdrico ou citrico. A desinfecio dd-se em 20 minutos
em relacdo a B. cholera; em 13 hora para B. dysenteriz ; 3 horas para B.
typhoide, sendo, no entretanto, o B. coli resistente & acfio désse 4cido.

Ainda =0bre a utilizacdo do dcido tartdrico como desinfctante da dgua
potdvel, surgiram outros trabalhos, entre os quais os de NEGRO e BERTASSO
(1940) e Caymosyu (1940).

Sabre o destine do dcido tartdrico no corpo humano, DakiN (1922)
afirma que o dcido tartdrico (formas D e L) ¢ oxidado no corpo humano
menos rapidamente do que os dcidos méilico e succinico. Segundo FInkri
(1933), somente parte do dcido turidrico administrado oralmente a pessous,
na dose de 2 g, ¢ excretado inalterado (cérea de 207;). Os restuntes 807
sdo destrufdos no trato intestinal pela acdo de buetérius, segundo afirmam
UNDERHILL e colab. (1931). Tsse trabalho de Underhill reforca os achados
de Pickexs e HErLER (1930) citados por Finkle. Pickens e Hetler verifi-
caram que, pela adminstracio de grandes doses de suco de uvas a pessoas, a
urina se tornava mais dcida e continha deido tartérico livre.

Experiéncias realizadas por UxperuinL e colab. (1931) indicaram que
pem o ¢fio nem a cobaia ou o coelho podem utilizar o dcido tartérico.

Krop e Goup (1945) estudaram a toxicidude dos 4dcides turtdrico, ¢t
trico e glictlico e respectivo sal sédico, apds prolongada administragio em
cdes ; verificaram que a ingestdo, durante 112 a 114 dias (100 a 103 doses),
de 0,9 g/quilo de 4cido tartdrico (equivalente a 0,5 g/quilo de 4cido glict-
lco ) provocara a morte a um, j& depois de 90 dias, com azotemia. Outros
trés cdes apresentaram teores normais quantitativos dos componentes do
sangue, se bem que houvesse alteragdes no que diz respeito a urina. O exame
histolégico revelou, no céo morto apés 90 dias, degeneragao t*hular no rim.
Portanto, na dose de 0,9 g/quilo, no céo, o 4cido tartdrico 1 'r nefroté-
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xico. O estudo do efeite da ingestdo de 4dcido tartdrico e outros dcidos em
ratos foi efetuado por Frrzuve e NeLson (1947). Vinte ratos, entre machos
e fémeas, receberam dietas contendo 1,27, de dcido tartdrico. Em todos os
animais de experiénela observou-se ganho de péso, apds 52 semanas de ob-
servacio, sem que fosse notuda alguma alteragao parenquimatosi nos 6r-
gios. (Péso médio dos ratos M = 437,8; F = 238,0g). Isto significa que
ratos pesando 258 g receberam, durante aquele periodo de tempo, alimenta-
¢do didria contendo 1,2%, de 4cido, sem revelar algum sintoma de intoxi-
cacdo. Désses dados depreende-se que, se um rato se alimentar, didria-
mente, com 50 g de alimento, {(ad ibitum), estard ingerindo 0,6 g do 4cido
tartdrico — para 250 g, digamos, de péso do animal. Isto dar4 cérea de 2,4g/
quilo de animal.

ACIDO LATICO

Vweapesco (1936) verificou que a saliva de individuos normais continha,
por 100 c¢m?, dcido latico nas quantidades de 3,98, 4,24 até 13,61 mg; no
cdo encontrou 4,39 mg por 100 em? de saliva

NeEUwIRTH e KLOSTERMaAN (1940) verificaram, experimentaliente,
que, apds estarem 10 minutos na cavidade bucal pedagos de banana, suaca-
rose, glicose ou umido, podia ser provada a formagio de dcido latico por
acdo de bactérias. A saliva filtrada em filtros Seitz ndo mostrava tal acéo.
Por outro lado, Julga Scmwitz (1913) que a eorrosdo dos dentes seja devida
principulmente ao dcido latico formado pela fermentacdo bacteriana na
cavidade bueal.

NorpoTH e KADEN (1033) demonstraram que 0 suco gastricn contém
de 6 a 25 mg de dcido latico por cento. Em gastrites, ésse valor é muito
aumentado. Um aumento no sangue, por injecdo de adrenalina, nio corres-
pondia a um acréscimo do contéudo de dcido latico estomacal.

Estudos em animals de hbnmt(}rm, sobre a toxieidade déste decido. re-

velaram que éle & muito pouco téxico. Finti ¢ ExceL (1930} verificaram

que coelhos podemn receber, blleUtdlledHlt‘Illt‘ doses de 2,8 a 3,6 g de acido
litico por quilo, se bofrer qualquer duno. Morrem, porém, quundo ali-
mentados com 1,6 g,quilo ou 0,6 g'quilo durante 3 dias.

Fncontram-se, na literatura cientifiea, algumas raras observagies,
que relataremos a seguir, por apresentarem certo interésse elucidativo.

Lecoq (1936) reproduziu crises polinevriticas em pombos, ilénticas
is de avitaminose B,, dande aos animais rac¢io didria contendo 1077 de
deido latico. Esta polinevrite avidria, causada pelo dcido ldtico, di-se em
Presenca ou auséncia de glicldios, ou se no regime alimentar prodominarem
protfdios ou lipidios. Em tal circunstineia, o animal ¢ impedido de utili-
lizar @ vitamina B

Funvenenamento por dcido latico com &xito letal foi comunicads por
Vithner, eitudo por Lescuxe (1932). Uma mulher de 27 anos recebeu, por
engano, no duodeno, em lugar de 100em? de solugin de sulfato de mugnésio,
wma solugao de 4cido latico a 33¢;, apresentando, entdo, vomitos cumi ~un-
Rue, durante meia hora, e fortes dores. Houve hemoglobindria. mas nido
heratiria. O pulso eaiu. A morte deu-se apos 12 horas. A necrdpsia reve-
' ‘tacdo em 23 cm de comprimento do duodeno.
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J4 DerFrex (1020) havia discutido e recomendado o uso do dcido 14-
tico refinado em cervejus ndo aleodlicas e como substituto do 4cido cftrico e
o tartdrico, em refrescos, balas, na industria do pao, pos de fermento, geléias,

vinagres, gelatinas e na conservagio de carnes e produtos derivados de pei-
xes.

Borpas (1927), numa discussio s6hre « permissio do uso do dcido 14-
tico em alimentos, concluiu ndo haver obje¢io alguma ao seu uso em limo-
nadus (refrescos), picles ou vinagres, desde que fosse puro, isto é, livre de
cobre, zinco, arsénico, 4cido oxdlico e dcido sulfirico.

O trabalho mais importanie sdbre toxicidade do 4cido litico e seu em-
prégo cm alimentos foi elaborado por Corrazo e colab. (1932). [sses au-
tores ddo um pequeno apunhado sObre o que fol feito no assunto e pussam,
em seguida, a apresentar seus praoprios resultados. O Acido ldtico, introdu-
zido no intestino (leites Acidos, queijos, frutas, ete.) é absorvido e pussa i
circulacdo, ou se transforma em outras su bsm'xcms ou ainda é eliminado.
Administrado a coelhos por via oral, na quantidade de 1,6 g/quilo, demons-
traram os mesmos perfeita tolerdncia, tendo, entretanto, lactocvidemia e
glicemia em 30 minutos.

Segundo Parnas (eitado por Puyal), a toxicidade para coelhos, por
via subecutinea, oscila entre 2,8 e 3,6 g/quilo, enguunto que, por via oral,
Firth e Fngel (citados por Puyal) indicam a dose toxica de 1,6 giquilo, doses
essus repetidas durante 3 dias. Os ratos sobrevivem 4 inje¢do subeutinea
de 2 a 4 g/quilo e niio apresentam qualquer manifestacdo de intolerineia &
adminisiragido por via oral de 2 g/quilo, durante longo tempo. Segundo os
mesmos autores, no homem e no coclho, cérea de 20 2 309 =do eliminados
na urina, quando mgeudo na forma de limonadus ricas em 4cido litico.
No cdo, se dado por via endovenosa, aparcee na uring, em proporcdes varid-
vels ; sondo, porém, udministrado oralmente, quase nio é eliminado.

Bateherwick e Long (eitados por Puyal) deduziram, pelo aumento da
acidez fosfatica du urina, depois da ingestio de leite dcido a 29°, que o
fcido latico é completamente utilizado pelo organismo.

A administragdo por sonda de 0.6 2 1,6 g de deido latico a cdes de 8
quilos, prolongada durante 12 dias, foi perfeitumente tolerada pelos mesmos.
Em coclhns, 5 g/quilo, didos em dias alternados, n&o evidenciaram mani-
festagies toxicas. Stauton, Faust, Parfentiew, Sentzeff e Sokoloff (citados
por Puyal) indicam como doses maximas, em coelhos, toleradas as seguintes :

via endovenosa - 0,5 g |
via subcutdnes — 3,0 g » por quilo
via oral — 6,0 g |

Fusold (citado por Puyal), de seus estudos de tolerinein de dcido 14-
tico por criangas, chegou & conclusfio, segundo suas experiéneias ras lactan-
tes, de que sc poderd administrar aos adultos de 70 quilos enorme dose de
200 g de dcido ldtico, sem inconveniente algum.

Sc fixarmos como dose méixima tolerada 5 g/quilo, achado de Puyal
colaboradores, ¢ sc caleularmos para o homem de 70 quilos, - 108 a dose
maxima tolerdvel de mais de 107 g de 4cido ldtico. Se, de ou 0, tomar-
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mos o resultado da observacio da administracdo prolongada em ecdes, isto
é, 1,6 g/8 quilos e transferirmos para o homem de 70 quilos, teremos, como
dose tolerdvel, durante mais de um més, a quantidade didria de 6,8 g de deido
l4tico, ou, em dias alternados (do coelho 5 gfquilo), cérea de 107 g.

ACIDO MALICO

Unperuinn e Pack (1925) estudaram o comportamento farmacoldgico
do 4cido mélico e seus sais. Fixaram ésses autores a dose letal subcutinea
no rato em 3 g/quilo, quando injetado como malato de sédio (a de tartarato
de sdédio é 3 g/quilo).

Na dose de 1 g/quilo, o malato de sidio é destitufdo de efeito téxico
para cics.

O 4cido malico nfo ¢ nefrotdxico e isto se deve ao fato de ser éle facil-
mente oxidado no organismo. Nas quantidades aplicadas para fins acidulan-
tes, o dcido mélico e seus sais podem ser tidos como destituidos de toxicidade.

KRranNTZ Jr. e colab. (1931) observaram que o malato de sédio faz de-
erescer a concentra¢do dos lons de hidrogénio do suco gdstrico e aconselham
que se faca a substituicio do cloreto de sddio pelo malato de =6dio, como
condimento, porque, assim, decrescerd a acidez livre do suco gdstrico, re-
duzindu-s¢ a fonte de dcido cloridrico.

Wesss e colab. (1923) determinaram a toxicidade do dcido mdlico e o efeito
cumulativo déle e de outros dcidos em coelhos.

Onta (citado pelos dltimos autores) verificou que o dcido mdlico, ad-
ministrado a coclhos e cfes, aparece na urina. Fornecido, oralmente, ¢m
grandes quantidades, é toxico. De 10 a 20 g “per os” a coelhos, é inteira-
mente destruido. Quando a dose aleanga 25 g, cérea de 5% sdo e‘\creu.dm
na urina.

WiIsE (1916) relata que, da dose nio téxica de lg/quilo para o coclho,
cérea de 2 a 2105 sio excretados na urina. J4 com dose de 3.3 g'quilo, api-
recem sintomas  toxicos.

Weiss e colab. (1923) verificaram, em experiéneias sobre 40 coelhos,
que a dose letal do deido milico é de 7 g/quilo. Os animais receberam solu-
¢oes do 4dcido diretamente no estomago.

A tolerincia a doses acumulativas fol observada em outros lotes de
u)elhos : 3 coelthos foram alimentados com 2,5g/quilo, durante 3 D duus conse-
Lul,lvu.\, por 2 semanas - o— 2 SGbi‘C‘v’i‘v’x"ianu ¢ uin morrcu ulrus a pr incira
seniana. Os sobreviveates receberam doses de 6 g/quilo. Umi morreu. Ao
outro, apds 2 dias, foram dadus 8 g/quilo, depois do que, morreu.

A dose tolerada na administracdo prolongada de Acido mdlico deve
estar em redor de 2,5 giquilo, ou, talvez, 2 g/quilo.

Calculando ésses achados para um homem de 70 quilos, teremos:
dose letal — 150 /70 quilos e dose didria tolerada na administracio prolon-
gada — 43 ¢/70 quilos.

Tsses resultados sdo quase iguuis aos do deido citrico e superiorer
ido tartérico.
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ACIDO GLICOLICO

Constitninte normal do culdo de eana, caldo de beterraba e de uvas,
assim como de muitos frutos,

Durante a segunda guerra mundial, foi tentada a introducdo désse
dcido como acidulante de alimentos, principalmente porque ¢le pode ser
fabricado industrialmente por via sintética a prego compensador.

O 4cido glicdlico, introduzido no organismo, segundo experimenta¢des
de Barves e LernNer (1943), nio contribui para a formagdo do glicogénio
no figado. Também ndo causy formacio de corpos cetdnicos no sangue
ou na urina. O dcido acético, ao contririo, na mesma concentracdo, € ce-
togénico.

O 4cido glicolico é considerado como intermedidrio no metabolismo da
glicina e da glicose.

GrirriTH (1930) observou que a retardagdo do crescimento de animais,
quando se dio grandes doses de dcido benzéico, é sustada ao ser adminis-
trado dcido glicdlico.

A toxicidade do #cido glicdlico, apds prolongada administracio, foi
estudada por Kror e Gorp (1945). De seu trabalho resultou a evidéneia
que o 4cido gliedlico nadose de 0,5 g/quilo didria, ao ¢do, ndo mostra nenhum
efeito toxico, por perfodo que varia de 93 a 119 dias, com doses no nimero
de 82 a 104. Um désses cdes anteriormente tinha recebido 83 doses didrias
de 0,194 w/quilo ¢, mesmo assim, nada de anormal ecorrcu. () exame histo-
l(’)glco dos orgdos revelou completa normealidade. .

csses dados, transferidos para o homem de 70 quilos, conduzem a:
18 g/70 quilos, isto é, o homem poderd tolerar, perfeitamente, por longo
tempo, uma dose didria de dcido glicdlico, de cérea-de 18 g.

ACIDO GLICONICO

Existente em alguns frutos, proveniente da oxidagio de agie
pondente, éste dcido pode ser preparado pc-l'L fermentagio oxidm
cose. Seu sabor agraddvel e sua baixa tosicidade muilto téi —a.;.mbmdf}
para a sua introdugdo na industria ahmemi< iz como acidulante em geral.

HerMaNN e ZENTNER (1938) haviam observado que o dcido glicdnico,
bem como o 4cido ltico, administrados por via oral, sio pouco excretados
na urina de coelhos. O pH da urina diminui com o dcido ghicdnico.

Heryvany (1930) observou que dcido gliconico, quando injetado intra-
venosamente, ndo acarreta queda da pressfo sangiifuea (a0 contririo dos
outros dcidos orgAnicos), nem influi no metabolismo do cdicio em coethos e
cdes. Porém a administracdo parenteral causa um aumento de cileio do
sbro, isto é, mobiliza éste cation, o que vem explicar o fato que éle faz de-
crescer a toxicidade do 4cido citrico. Somente uma frago do 4dcido glicd-
nico administrado oralmente é absorvido como tal e isto devido & decom-
posigdo por bactérias intestinais.

Gasatro (1939) determinou como letal a dose de 7,63z/quilo do glico-
nato de s6dio em coelhos, quando injetado intravenosams»*e; a morte
do animal ocorre por ag¢do depressiva exercida sbbre o sist IVOsO cen-
tral.
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J& para o deido glicdnico livre, HERMANN (1947) estabeleceu a dose
letal de 85 em?® de solucdo N/2 por quilo, administrado, intravenosamente,
avs mesmos animais de experiéneia ; isto corresponde a 8,3 g/quilo (em
péso, do dcido livre), isto 6, pouco acima do achado de S, Gajatto para o
gliconato de sédio. Se tomarmos, eom dose tolerdvel, a déeima parte désse
valor, cérea de 0,8 g/quilo, ¢ se o transferirmos para o homem de 70 quilos,
teremos a dose tolerdvel de cérea de 17g de 4eido gliconico, administrando-se
por via oral. Doses tinicas de 3 a 9 g, cada 2 horas, tém sido empregadas,
por via oral, para abaixar o pll da urina, por Sisk e ToENHART (1938),
atingindo o minimo de pH depois de 3-18 g de 4eido gliconico em 2-3 horas.
Resultados idénticos foram observados por GoLp e Crviv (1939), =cm,
contudo, serem evidentes sintomas de intoxicacie. Tais dados sdo bastante
expressivos ¢ bem falam a favor do uso do 4cido glicénico como acidulante
de alimentos, o qual, adicionado na quantidade de 0,2 ou 0,39, estard, mesmo
assim, bem longe dos limites de toxicidade.

ACIDO FUMARICO

Recentemente, foi éste dcido proposto como acidulunte de alimentos e
como droga medicinal. Tisse interésse nasceu durante a segunda guerra
mundial, nos Estados Unidos, em vista do decréscimo de importagio de
bitartarato de potdssio, sub-produto nan manufatura do vinho.

E conhecido que o dcido fumdrico ¢ integrante normal dos teeidos.
Por outro lado, sua relagio estrutural com o dcido tartdrico ¢ o fato déle
ser um sub-produto em sinteses mierobiolGgicas levaram alguns pesquisa-
dores o investigar o griu de toxicidade do deido livre e seus sais, bem como
Sua tolerdnecia por administracdo prolongada. LevEY e colab. (1916) reuli-
zuram estudos de toxicidade aguda e crénica do 4cido fumdrico, sendo que
seus resultados podem ser assim resumidos :

a) Ratos alimentados com uma dieta sintética adequada, contendo
0_,1 4 1,0% de dcido fumdrico, ndo mostraram, por um a dois anos. anormau-
llfia(lo no crescimento, no conteddo de hemoglobina, no ntimero de eritré-
vitos e leuceitos, em dentes, cinzas de ossos, no figado, nos rins, no esto-
Mugo e no péanereas.

b) Cobaias alimentadas com 1%, de 4cido fumérico, por um ano, nio
mostraram  anormalidade no crescimento. A segunda geracdo, também
tratada sob as mesmas condigoes desde o nascimento, ndo evidenciou efei-
tos toxicos

: A .

d) Foi tumbém pesquisado, em ratos, o efeito de grandes doses de dci-
‘jo fumdrico. A toxicidade oral do feido fumédrico é extremamente baixa ;
’104 glquilo, por dia, ndo produzem cfeito direto. Sob as mesmas condie
§0es, o dcido tartdrico é muais tdxico.

A D.L.go 6, aproximadamente, ignal a 8,0 g/quilo, oral.

* D.L.g, intraperitoneal é de cérca de 0,587 g/quilo.
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Désse trabulho, econclui-se que a dose letul no homem serd, aproximadg-
mente, de 80 g/70 quilos, quando administrado oralmente ; por via intra-
peritoncal, a dose letul aproximadua serd de 5,8 g/70 quilos.

Frrznueu e NEwsoN (1947) investigaram a toxicidade cronica de di-
versos 4cidos, entre os quais o deido fumérico. Mostraram ésses autores que
ratos alimentudos com dieta contendo 1,2 g% de deido fumdrico durante o
ano nfo mostraram nenhum efeito téxico. Revelou-se fracamente téxico
somente quando administrado ao alimento de ratos com 1,5 g% durante o
ano. A base désse trabalho, os autores sugerem o uso do 4cido fumérico
em alimentos.

O fumarato de sédio, cuja DLs, 6 igual a 2,42 g/quilo, intraperitoneal-
mente, em ratos tem sido proposto como catdrtico, em substitui¢fio aos sais
de 4cido citrico, tartdrico, gliconico, ete.

Maiores detalhes sObre o assunto padem ser encontrados nos trabalhos
de Bopaxsky e colab. (1942), Locke e colab. (1942), GoLp e Zaum (1943) e
SMyYTH e colab. (19453).

ACIDO FOSFORICO

Em relagdo aos outros deidos jd citados, € o 4cido fosférico o tnico que
apresenta, em agrupamento indispensivel aos organismos vivos, o ion fos-
foérico. Se ndo, vejamos: os Acidos citrico, latico, glicdnico e fumdrico,
introduzidos no organismo, sio totalmente queimados ; além disso, o pré-
prio organismo sintetiza-os num  metabolismo  intermedidrio de  glici-
dios e lipidios.

Os deidos mdlico ¢ tartdrico ndo tém outro destino ; sio parcialmente
eliminados pela urina e o restante entra em combustio orginica, sendo,
assim, destrufdos. O mesmo, porém, nio aconteee com o dcido fosforien ;
os fosfatos introduzidos no organismo ndo servem como substinciag ener-
géticas, isto é, ndo fornecem energin calorifica pela sua combustio, mas
sim tomam parte na constituicio dos tecidos, especialmente do sistema de
sustentaciio e da condutibilidade nervosa, ou integram a estrutura de enzi-
mas (cocarboxilase, fermento amarelo) e nuclebtidos, ou ainda entram no
metabolismo intermedidrio de curboidratos (esteres de Embden, Cori, ete),
ou no sangae, na forma de fosfato de sddio, contribuindo pura a manutencao
do pH sungiiineo. O organismo vivo ndo tem ecapacidade de sintetizar o
ion foxférico e a sua introdugdo no organismo é feita através da alimentacio.

I eonheeida a neeessidude de fosfatos para o8 animais em creseimento,
fosfatos ésses que, com o cdleiv, entram nu constituicdn dos ossox. A ali-
mentagio humana fornece, comumente, os fosfatos e o cdleio necessirios
a0 organismo. Até hoje, nio sabemos, ao certo, as necessidades do organis-
mo infantil ou adulto em fésforo. O que sabemos, a0 certo, é que o organis-
mo humano elimina, pela urina, todo o excesso de fosfalos introduzidos
néle, acima de suas necessidades. De outro lado, um déiicit de fusfatos no
organismo nio seri compensado sendo pela introdugfio de novos fosfatos.

Segundo von NoorpEN (1921), uma dcficiéncia de f6sforns observa-se,
se bem que mais raramente, em casos de :
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1.° — Fxcesso de trabalho miscular e, proviavelmente, outras ativi-
dades protoplasmitics

2. — Desnutrigio geral.

3.» — Por dieta que, sendo altamente caldrica, seja deficiente em fos-
fatos.

Sabemos que o excesso de trabalho muscular provoca uma grande eli-
mina¢do de fosfatos na wurina.

De outro lado, encontram-se, na litcratura, trabalhos de autores di-
versos, em que se verificou que o administracio de fosfato de sdédio (bifos-
fato de sodio), chamado Reeresal, aos individuos, ndo s6 diminuiu o (':ms:lgo
muscular, como aumentou, nesses individuos, a eficiéneia mental e fisica :
Gmlsn\ux (1928), PorrereevTERr (1930 ¢ 1930a) Ruaym (1932), CorBlAU
(1936), Gadatro (i959) e GREENFIELD (1941).

A alimentacio mal orientada de individuos pode leva-los a uma caréneiu
de fésforo; apesar désses individuos ingerirem alimentos ricos em cédleio,
as q\ldnﬂ(hldt‘n de fosfato e cdleio ndo sdo suficientes para a formacio do
fosfuto tricdlcico e, conseqiientemente, nio se farid o depdsito dsseo, o que
levard o individuo (em croscimcnto) independente de outras causas, ao ra-

quitismo, além de outras possiveis perturbagdes de ordem nervosa e motabu-
lica.

Von Noorden e Solomon (citado por von Noorden) haviam admitido
que os fosfatos, introduzidos no organismo em alimentos (lecitinas, cefali-
nas, ete), cindem-se no estdémago, formando o ion livre do dcido fosfdrico.

Embden, experimentalmente, provou a necessidade do deido fosforico
livre para processar-se a sintese e degradacio do glicogénio, ligando-se &
glicose para formar, intermediiriamente, esteres fosféricos da glicose (ester
de Embden, Cori e Harden-Young).

Apesar de se reconhecerem estas verdades elentificas j4 hd muitos
anos, o uso do deido fosforico como medicamento e em alimentos encontron
uma certa repulsa. Terminou, por fim, pela demonstragio cxperimental
da haixa toxicidade, quer aguda, quer erdnica, désse dcido.

T claro que o deido fosférico ndo poderd ser nunca adminizirado na for-
ma de soluciio concentrada, pois, como tal, é cdustico e age sdbre mucosas,
irritundo-as, destruindo os t(‘udos e plovomndo enterites agudas. Mas

tal fondm o verifica eom
tal IENniMmens s¢ Veril Ol
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oz v ¢ X
no acima relatado, sébre a morte de umia senhora a quem fol administrada
por engano, a dose de 100 em? de dcido latico a 339, A necrdpsia rev eluu
irritacdo da mucoss em alguns centimetros do duodeno. Mesmo =olucdes
de cloreto de sédio concentrado, ¢ isso é conhecimento clissico, sio igual-
mente toxicas.

03 trabualhos fundamentais do estudo da toxicidade erdnica do dcido
{OSférxco foram feitos principalinente por pesquisadores franceses e, entre
Cone stacam-se Cautru, Martinet e Joulie.

152 REVISTA DO INSTITUTO ADOLFO LUTZ

CavTrr (1901) velata, em seu trabalbo, que ji em 1900, com Bardet ¢
Brun, administraram. durante um més e nieio, a um pato, uma grama por
dia de deido fosforico oficinal (36,442 de dcido fosfdrico), sem terem verificado
qualquer sintoma extranho. Sendo o animal sacrificado e seu figado exa-
minado, nido revelou anormalidade, nem esteatose. Cautru, em 1903, apre-
sentou, & Sociedade de Terapéutica, sua observagdo sobre 3 cobaias, as
quais foram, durante 3 mesex, administrados de 0,5 a 1 grama didrias de
deido fosférico. O péso das cobains era de 350 g. Uma cobaia morreu de aci-
dente de gaiola ; as outras duas saerificadas nao revelaram nenhuma anor-
malidade nos cortes histolégicos de seus figados e rins. Mais outras duas
cobains, que prosseguiram ingerindo as mesmas doses didrias, durante 11
meses depois de sacrifieadag, ndo mostraram degeneragio parenquimatoss,
estando integro o tecido hepitico.

Essas doses. transferidas para o homem de 70 quilos, equivalem a 50 g
de 4cido fosforico oficinal por dia, ou sejam 18,2 g de dcido fosfdrico
(PO

O mesmo Cautru efetuou experiéneias em edes. Tomou 2 désses ani-
mais, dos quais 1 testemunha ; ao outro, pesando 8.500 g, administron,
durante um més, sem qualquer inconveniente, de 1 a 2 g de dcido fosidrieo
oficinal (15 a 30 gotas). A observacio se prolungou durante um ano. Qs
dois caes (de 2 e meio meses de 1 ado). que pesavam, o testemunha 8.800 g
e 0 em experiénvia 8.300 g, foram submetidus ao mesme regime :ilm 11‘
(pio ¢ carne cozida). Ao cdo em experifuei, der am-se, o mals, 15 ¢ltus
(1g) de dcido fosfirico oficinal, diliriamente. Apds um més, 0 ¢io em experi-
éneia pesava 13 quilo a mais do que o testemunha. Nesse momento, a dose
foi elevada a 30 gotas (2g) do deido fosférico oficinal. Apds mais de um més,
0 péso do cdu em experiéncia era de 9.990 g e o do testemunha, 9.700 g.

Afim de verificar a resisténcia do animal em experiéneia, foi injetado

1 em? de culturz de bacilos de tuberculose na safena. Apds 10 dins, pussou--e

a dar, a0 cdo em experiéncia, dose didrix de 33 gotas de deido fosférico ofi-
cinal (2,3g). Depois de 15 dias, os pesos dos c8es eram : 0 em e\‘periéncm
11.000 g e o testemunha, 11.050 g. Apds um més, o cdo em experiénein pesa-
va 12.010 g ¢ o testemunhn, 11300 g. Até éste momento (um nés qpoa)
nio apareceu nenhum sinal de tubereulose. Af foi inoculada a segunda dose
de 1 em?® de eultura de Lacilos de tuberculose, subeutineamente. O trata-
mento com deido fosforico continuou mais dois meses e meio. Decorrido
ésc¢ periodo, o ¢iio em experiéneia pesava 21.200 g e ndo mostrava nenhum
sintoma de tuberculose. Durante mais de 20 dias, o cdo em cxperiéncia
tomou de 100 a 200 g(‘)tas de dcido fosforico oficinal (eérea de 10 g), ou seja

pesava 22 quilos e o testemunha, menos de 21 quilos. O cfo descansou 17
dias; recebeu, depois, 300 gotas de dcido fosférieo ofxcim], sob forma mais
co.xcemradd 0 cdo apresentou uma ligeira enterite, perda de apetite, etc.
Apds 10 dl.» foi administrada dose menor (200 gotas didrias) e os sintomas
dc.s.xpmecexam. Apés mais 10 dias, os pesos dos cdes eram : 0 em experi-
éncia, 23.100 g e o testemunha, 21.500 g. Depois de 8 dias, foram injetados
mais 1 em? de cultura de bucilos de tuberculose humana, em ambos os caes.
O tratamento com 4cido fosférico, no cdo em experiéncia, 86 fol suprimido
depois de 12 dias decorridos dessa terceira inoculagdo de s da tuber-

2 Q;L o de dcido fosforico. No [im désse tratamentio, o cio em e.‘:pvriéncia
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culose. Os primeiros abeessos contendo bacilos de tuberculose desaparece-
ram depois de 18 dias de inoculacio. Ambos o0s cfes emagreceram muito.
Nesse dia (1 ano depois da experiéneia inicial), pesaram : o em experién-
cia, 24500 g e o testemunha, 24.000 g. O cdo em experiéneia, que tomou
cido fosférico durante 1 ano, apesar de ter reeebido 2 inoculacaes, de
Lem? cada, de bacilos de tuberculose, ndo havia perdido sua resisténcia. Se
tivesse esteatose hepética, éle nio teria resistido 3 infeccdo bacilar.

Cuutru féz ainda outra série de experiéneias com 3 cdes, sendo que um
foi mantido como testemunha e os outros receberam, diiriumente, 5 g de
deido fosférico oficinal eada um. Um désses cdes foi sacrificado, apés 4 me-
ses de tratamento. Os cortes de figado e rins mostraram-se normais. ‘Dessas
experiéneias, conclui Cautru, o 4cido fosférico ndo é um tdéxico, nem estea-
tosante.

Apés essas verificagtes, Janlie, colaborador de Cautru, comeg¢ou a em-
pregar doses didrias de 200 a 400 gbtas (isto €, até 26 g de 4cido oficinal),
em doentes, para combater a dijtese hipodcida e doses de 30 a 60 gotas (cér-
ca de 2 a 4g) depois de 5 anos de idade. Jamais foi observado qualquer aci-
dente. Em ecriancas de 18 meses, foram dadas 4 a 8 gotas didrias (cérea de
0,13 g de 4cido fosférico) ou mais ¢ aos velhos, de 50 & 100 gotas, isso é,
até 2,3 g de deido fosférico, sem qualquer inconveniente.

Dessas eoncludentes experimentagdes, podemos tomar como dose did-
ria tolerads por um cfo de péso médio, digamos 20 quilos, cérea de 200 go-
tus de deido fosforieo oficinal, ou scjam 13,3 g, o que equivale a 4,74 g de
dcido fosférico. Transferindo ésse resultado para o homem de 70 quilos,
teremos a dose de 11 g de deido fosforico, que poderd ser, sem inconveniente,
dado ao organismo, didriamente.

Se quisermos transferir a experiénein de Jaulie para homens, teremos,
como dose didria perfeitamente tolerdvel, eérea de 26,6 g de dcido fosforico
oficinal, o que equivale a 9,48 g de dcido fosforico.

GUEYLARD e Duvarn (1922) estudaram a infludnela da acidez ¢ do ra-
dical 4cido sobre a toxicidade de 4cidos diversos. Para isso, escolheram pei-
NS como animais em experiéneia (Epinoches) e ox deidos fosférico, 1dtceo,
acético, propiénico, ete. Fizeram solucdes désses dcidos com os COITespPon-
dentes sais sédicos atéxicos N/50, que agem como tampdo. No pH 2.8, os
beixes sobreviveram 30 minutos em deido fosforico e 12 minutos em 4eido
litico. No PH 4,0, os peixes permancceram vivos 8 horas em dcido fosfé-
rico, 2 horas e 35 minutos em dcido I4tico ¢ 11 minutos em acido acético.
Em pH 4,3, os peixes permancceram vivos sdmente 9 minutos em dcido pro-
pidnico.

t
! '
Acido | Acido
pii Acido Litico Acido Acético |
Fosforico ’ Propidnico
28 ..., 30 minutos 1 12 minutos — k —
40 ..., 8 lioras i 2 hors, 3% ! minutos —
43 ..., — — — ‘ 9 minutos
. Sy e e
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Portanto. no mesmo pH, a toxicidude désses dcidos cresee na seguinte
ordem : dcido fosférico, deido latico, dcido acético, dcido propidnico.

A dose letal, em coelhos, por via intravenosa, determinada por HEgr-
MANN (1047) 6 de 62 ein® de solugdo N/2 por quilo, o que corresponde a 1,01
glquilo de dcido fosférico.

Para um homem de 70 quilos, a dose letal intravenosa serd em rédor
de 22 g de dcido fosférico.

Hoje em dia, o dcido fosforico fuz parte de quase todas as Farmaco-
péias : o DisreNsatory OF THE UxiTeD STATES OF América (1947) indica
seu uso direto no organismo humano. Nio 4 em Farmacopéias, mas em Far-
macologias e Tratados de Quimica Farmacéutica, encontramos estudos 80~
bre o deido fosfirico. Veja-se, por exemplo, em GoopMAN ¢ GILasxN (1941),
SoLLMany (1944), HaGer (1942}, RevTTER (1939) e LEBEAU (1946), onde
e 1& que o dcido fusférico dilufdo é aplicado como excitante da célula ner.
vosa e utilizado também como acelerante da func¢ido gistrica, na medica-
¢80 dcida em individuos com hipocloridria. Prescreve-se em solugdio, como
xarope ou limonada em doses varidveis de 1 g 5 g, durante 24 horas, o que
equivale de 100 mg a 500 mg de H PO.

Lecoq e ViLLris (1832, 19322 e 1932b) e LeEcoq e ViLierTE: (1933 ¢
1933a) estudaram a acio do 4cido fosforico e diversos derivados salinos soh
o ponto de vista de um valor antirraquitico. De suas pesquisas, coneluf-
ram ésses autores que a atividade antirraquitica dos ortofosfutos tende a
diminuir do sal mono ao trissadico. A eficiéncia dos sais ortofosforicos esta
estreitamente ligada ao nimero de hidrogénios 4cidos livres que o compusto
possui (LLecoq e ViLnvis, 1932).

Entre os diversos usos terapéuticos do dcido fosférico, citam-so : para
doentes com eliminacio de saes minerais e hipoacidez urindria ; nos esta-
dos mérbidos em que o sistema nervoso deprimido perde sua resisténeia,
neurastenias verdadeiras, em que hd grande eliminacio de fosfatos aleali-
nos pela urina ; nos casos de artritismos ; nos estados raquiticos (sifilis,
impaludismo, ete); nos intoxicados (envenenamento por chumbo) ; em
certos casos de dispepsias, ete.

Entre nés, Roviu (1942) tem aplicado solugio de 4dcido fosfirico 1 :
200 em glauconas, injetando cérea de 0,15 em®. Como resumo. o autor des-
creve que o vitreo suporta bem solugdes 4cidas fracas de deido fosférico.
Ndo fol ohservada complicagdo ou acidente, durante nem depois da acidi-
ficagdo vitrea.

DISCUSSAO

O objetiva do pre<ente trabalho i trazer & luz a verdade cientifica
acérea da toxicidade dos dcidos mencionados, & fim de que sejam, 08 que ain-
da nio o foram, admitidos como agentes acidulantes em alimentos e bebi-
das, entre nds.

O Decreto-lei 15.642 de 9/2/1946, que aprova o Regulamento do Poli-
ciamento Jy Alimentacio Publica, admite apenas o uso dos 4cidos ctrico,
tartdrico e litico como agentes acidulantes. A vista do que foi exposto,
facil & verificar que, com maior razfo do que o fcido ts co, se poderd
incluir alguns dos outras.
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Do relato feito e de acdrdo com os dados obtidos da literatura consul-
tada, dados ésses resultantes de provas experimentais levadas a efeito com
animais de laboratdrio, quer quanto & toxicidade aguda, quer quanto A
crénica, podemos concluir o seguinte :

Doscs didrias tolerdveis para a administracao prolongada, sem incon-
veniente para a satdde do adulto (70 quilos) :

1.°) Acido cftrico _ 53 g
2:°) Acido mflico — entre 43 e 53 g
3.9) Acido lstico —_— 43 g em média

4.°) Acido tartfrico — 3 g
5.°) Acido fumérico — aprox. 43 g
6.°) Acido glicbnico — 17 g
7.°) Acido glicdlico — 18 g
8.°) Acido fosférico — il g
RESUMO

Foi feito um apanhado da literatura cientifica, no que concerne i toxi-
cidade dos 4cidos citrico, tartdrico, mélico, litico, fumérico, gliconico,
glicélico e fosférico.

A toxicidade cronica désses 4cidos cresce na seguinte ordem :
Citrico, milico, litico, tartdrico, fumérico, glicdnico, glicélico e fosférico.

Todos os 4cidos mencionados se mostram adequados para serem usa-
dos em alimentos e bebidas.

SUMMARY

In this paper, there is made a study of the scientific literature concern-
ing the toxicity of the citric, tartaric, maleic, lactic, fumaric, gluconic,
glycollic and phosphoric acids.

The chronic toxicity of these acids encreases in the following order :
} citric, malie, lactic, tartaric, fumaric, gluconic, glycollic and phos-
phoric,

All the mentioned acids are proper to be used in food an drinks.
RESUME

Dans ce travail, il est fait un abregé de la litterature cientifique sur la
toxitée des acides citrique, turtrique, malique, lactique, fumarique, gluco-
dique, glycolique et phosphorique.

La toxitée de een necides croit dans 'ordre suivante : citrique, malique,
!‘E“'; tartrique, fumarique, gluconique, glucolique et phosphoriqur
I ncides peuvent 8tre employés dans les aliments et les breuvage
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aste Interrelationships. VI. Sucrose, Sodium Chloride,
and Citric Acid in Canned Tomato Juice

ROSE MARIE PANGBORYN axp ROSALIND B. CHRISP
Department of {food Science and Techwology, University of California
Davies, California

( Manuscript received November 16, 1963)

SUMMARY
Apparent sweetness, saltiness, and sourness in canned tomato juice was
evaluated by trained judges categorized anecording to three levels of sensitivity.
A method of paired-comparison constant-stimulus was used in which judges
indicated the dircetion of the response as well as the magnitude of difference
in taste intensity within each pair. The apparent sourness of citric acid was

depressed by both sucrose and sodium chloride. The sweelness of sucrose was

reduced by citrie acid, but enhaneed by low levels of sodium chloride. Al-
though the saltiness of sodium chloride was reduced by sucrose, it was sig-

nificantly enhanced by acid.

bility between judges was exceptionally large.
tion of response between duplicate pairs was greater
among judges of high sensitivity., The extent 1o which the

In the latter combination of taste stimuli, varia-

Frequency of reversal of diree-
among judges of low than
results agree with

previous relationships with agqueous media and lima bean purée is discussed.

INTRODUCTION

Extensive investigations have been made
on the interaction of the basic tastes in sofu-
tions of distilled water (Fabian and Blum,
1943; Kamenetzky and  Pilgrim, 1958;
Beebe-Center ¢t al., 1959; Kamen ef «ol.,
1961 ; Pangborn, 1900, 1961, 1962). Pang-
born and Trabue (1964a) recently studied
the taste interrelationship of sucrose, sodium
chloride, and citric acid in lima bean purce
and reported good agreement of responscs
with those established in distilled water,

In the present investigation, the main ob-
jective was to intercompare the apparent
taste intensities of sucrose, sodium chioride,
and citric acid in a natural food product
which normally elicits swecetness, saltiness,
and sourness—tomato juice. In addition, the
effect of the original taste sensitivity of the
experimental subjects on their subsequent
responses was measured.

METHODS AND MATERIALS

Panel selection. A method of scquential analysis
described by Amerine of ol (1959) was used to
select 13 judges from 21 people tested. On cach
of 18 days of tosting, cach judge received 6 ran-
domly presented triangle tests of  commercially
canned tomato juice, two varying in amount of
added sucrose, two in amount of added sodium
chloride, and two in amount of wlded citric acid,

The judge's task was to designate the odd sample
within each triangle set and to indicate whether
the odd sample or the duplicates contained the
greater intensity of the taste under study. The
thirteen judges who fell within the region of
acceptance showed a further separation into three
distinct subgroups, which we will refer to subse-
quently as high  (85.7-95.29 correct), medium
(71.4-77.87%), and low (59.3-61.9¢5) sensitivity,
Experimental method. Used throughout the six
phases of the investigation was a method of paired-
comparison constant-stimulus  described in detail
previously (Pangborn, 1961). Each judge received
four pairs in duplicate, for a total of eight ran-
domly presented pairs per session. Within a pair,
both members contained the secondary taste com-
pound whereas only one contained the primary
compound. Judges were asked to circle the num-
ber of the sample within cach pair which contained
the greater apparcut intensity of the secondary
taste sensation. In addition, the degree of differ-
ence within a pair was indicated on a scale labeled
slight, moderate, large, or extreme. These descrip-
tive terms were converted to integers of —1, —3,
--3, and —7 if the sample without the primary
compnund was selected, and +1, +3, 45, and +7
if the sample with the primary compound was
selected as more intense, These difference scores
were then submitted to analysis of variance. Chi-
square analysis was applied to determine the sig-
nificance of ditference in the paired selections.
Sample preparation and presentation. The {to-
mato juice was prepared with no additives, from

. 14901
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Red Top varicty tomatoes in the pilot plant of the
Department of Food Science and Technology in
September, 1961, The cans were stored at 40°F
for 13 mo prior to initiation of the present study.
The pH, total acidity, and refractive index of the
juice were 4.4, 02920, and 1.3112. Throughout
the investigation, pH, total acidity, and refractive
index were measured for cach experimental sample
to assure accuracy of preparation. Concentrations
of sucrose, sodium chloride, and citric acid were
selected by thorongh screening, to range from
threshold to very intense for the specific combina-
tions of tastes. The exact concentrations used are
shown in Table 1 and in FFigs. 1-6.

Samples were preparcd on alternate days and
stored in covered glass containers at 30°F. Re-
agent-grade sucrose and sodium  chloride were

added to the juice, w/v. The citric acid was first
made into a 509 stock solution from which meas-
ured volumes were pipetted into measured vol-
umes of juice. To compensate for dilution, cqual
quantities of distilled water (e, 1.7 1l water/1700
m! juice) were added to samples compared apainst
those containing the citric acid.

The tomato juice was served
9:00 and 10:00 AM. at room
(702°F) under low, red illumination.
mately 35 ml of sample was tested. Prior 1o
tasting the experimental  set, tasted  a
“warm-up” sample to orient them to the com-
Pounds heing evaluated on that day.  Instructions
were given to refrain from swallowing any juice
or distilled water, but to use distilled water for
vral rinsing  between Immediately  after
tasting, judges were provided with the results and
a “reward” of cookies, crackers, or coffee cake.

Within a  study, the order in which the
treatments  were  served,  the  order  of  the
pairs  within a  set, within
a pair were randomized. Judges unable to attend
a testing period were required to taste a “make-up”
the following day, so that all samples were tested
by all judges an cqual number of times. As indi-
cated in Table 5, only one judge was unable to
complete each of the six studies. After a two-
week break for the Christmas holidays, two days
ol reorientation were held before the presentation
of experimental camples was resumed.

daily  between
temperature
Approxi-

judges

pairs.

and  the  samples

RESULTS

Study I. Effect of sucrose on apparent sourness
of citric acid. The frequency of selection of the
sample with the greater apparent sourncss ( Table
D) and the plotted difference scores (Fig. 1) show
that sucrose sourness,  The
sourness of the higher levels of atric acid was
depressed more than was the lowest level (0.01%
Analysis  of of the difference  scores

depressed apparent

variance
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Fig. 1. Fffect of sucrose on apparent sourness of
citric acid in canned tomato juice.

showed no significant variation attributable to
citric acid. The very highly significant difference
between  judges, between groups, and  between
judges within groups attests to the lack of agree-
ment between  individual judges in intensity of
difference. Lack of significance due to replica-
tions and interactions involving replications empha-
sizes the reproducibility of response within the
panel and within a judge. All three groups of
judges agreed that sucrose depressed  sourness,
with judges 7 and 12 indicating slight positive
average scores (Table 5).

~Study II. Effect of citric acid on apparent sweet-
ness of sucrose. Levels of citric acid between 0.04
and 0.16% significantly depressed the sweetness of
0.2 to L6% sucrose (Table 1, Fig. 2). Judges

EFFECT OF CITRIC T‘CID ON THE SVEEY]NESS OF_SUCROSE
preet B A AL o SRR IR T OAAAUSE
N:48

NESS DIFFERENGE SCORE
3 5

T

ERAGE SWEE

30 -

Ay

S S Lo .t
0 o 0z 04 08 3
% CITRIC ACID

Fig. 2. Effect of citric acid on apparent swect-
ness ot sucrose in canned tomato juice.

were incomplete agreement on direction of re-
sponse even though opinion of intensity of differ-
ence varicd. Once again, judges and interactions
involving judges were significant, whereas repli-
were not (Table 2). Groups of judges
significantly  to the variation, with

cations
contributed
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Table 1. Taste intensity of sucrose, sodium chloride, and citric acid in canned tomato juice.
intense within each pair,
1. Sucrose-sourness (n=152)
Primary:

Frequency of selection of sample without primary as most

I1. Citric-sweetness (n = 48)

T ———

Primary:

Su u.2 0.4 0.8 1.6 Total Citric acid (%) 0.01 0.02 0.04 0.08 0.16 Total

R - T , - IR —_— -

¢ Citric % Sucrose
0.01 26 32 36° 43¢ 137¢ 0.2 22 29 35® 41° 45¢ 172«
0.02 30 36° 43¢ 45¢ 154¢ ' 0.4 29 28 38° 40°¢ 47 182¢
.04 30 31 41° 46° 148¢ 0.8 27 38° 31 35® 41¢ 172¢
0.08 30 40° 41°¢ 49¢ 160 1.6 28 27 35® 37¢ 48 175¢

_— —— 7
Total 116 139¢ 161°¢ 183« 599 Total 106 122¢ 139¢ 153« 181 701¢
. V. Sodium chloride-sweetness (n=52)
}’II‘. Sucrose-saltiness (n = 52) Primary:
rimary: vaCl (5 0.03 . 2 0. .

Sucrose (g2) 0.3 0.6 1.2 2.4 Total e es 01 02 ¢4 08 16 Towl

ARG ' % Sucrose :

¢ NaCl o . c s . .
0.2 32 29 33 B/ 1320 0.2 ORISR M LSS SR SR 5

; N N 0.4 13¢ 6° 8¢ 12° 21 31 91¢

0.4 26 3 31 37 127 .

N - 0.8 19 11 7° 8¢ 19 31 95°

0.8 33 36 45¢ 44c 158¢ 16 12¢ i1e ge 19 22 40 1060
16 34 33 43c 44c 154¢ ’ %._‘“"R

) ) . Zce 3 3 . b 5 ¢

Total TR T e \ Total 557 38" 28° 537 83" 127° 384
}'1‘. Sodium chloride-sourness {n=7352)
. N . _ *rimary :

},;im(u‘r’y”f'sa“”"’ss (n=48) NaCl (%) 0.02 0.04 0.08 0.16 0.32 Total

Citric acid (%) 0.015 0.043 0.135 Total ¢, Citric ’

7% NaCl 0.01 28 39¢ 42¢ 39¢ 43¢ 191¢
0.16 20 19 13® 52¢° 0.02 35 33 44 43¢ 42¢ 197¢
0.48 29 17 5¢ 51¢ 0.04 36" 42¢ 41° 41 45¢ 205°¢
1.44 17 11° 8 36° 0.08 26 35 41° 39 44 185¢
Total 66 47¢ 26¢ 139 Total 125°® 149¢ 168 162 174¢ 778¢

** ¢ Significant difference within pairs at p= 0.05, 0.01, and 0.001 respectively,

6t
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Table 2. Analysis of variance of difference scores. Interaction of sucrose and citric acid.

I. Sucrose-sourness?*

II. Citric-sweetnessb

Source

of Degrees of Mean Degrees of Mean
variation freedom square freedom square
(S) Sucrose 3 140.02+ %+ 3 5.85
(C) Citric acid 3 7.01 4 189.43%**
(R) Replications 3 4.34 3 5.85
(]) Judges 12 3J1.06%%* 11 26.86%+*
(G) Groups 2 82.43*+* 2 32.64%*+
(Y) Judges '
within groups 10 20.78%+* 9 25.58%*x
SxC 9 3.67 12 5.42%%
SXR 9 - 3.02 9 1.19
SxJ 36 3.99 33 3.68*
GXS 6 1.11 6 3.04
YXS ' i 30 4.57% 27 3.83*
CXR 9 3.04 12 1.33
Cx]J 36 4.38% 44 8.73%%x
GxC 6 3.05 8 12.63%+*
Y XC 30 4.65* 36 7.86%+x
Rx]J 36 235 33 2.07
GXR . 6 1.02 6 10.29%**
Y xR 30 2.62 27 0.24
SXCxR 27 246 36 3.15
SXCx]J 108 3.39 132 5.24%*
SXRxX] 108 247 99 3.72%%
CXRXx]J 108 1.79 132 291
Remainder * 324 3.01 396 2.34
* Effect of sucrose on sourness of citric acid.

®* Effect of citric acid on sweetness of sucrose.

“Error term (SXCxXRx]J).

*, %, x4+ Respectively significant at p = 0.05, 0.01, and 0.001.

Group 1 assigning the highest ncgative average
differcnce score, followed by Groups II and III
{Table 5).

Study ITI. Effect of sucrose on apparent salti-
ness of sodium chloride. With increasing additions
of sucrose up to 247%, the saltiness of 0.8 and
169% sodium chloride was greatly  depressed,
whereas that of 0.2 and 0.4 was slightly lowered
‘Table 1, Fig. 3). That the saltiness of the
different levels of sodium chloride was affected
diffcrently is verificd by the analysis of variance
(Table 3). Less variation was attributable to
judges in this study than in the other five studies,
for all but one judge assigned nepative scores
(Table 5). Neither replications nor groups of
judges  contributed significantly to the observed
variation,

Study IV, Effect of sodium chloride on appar-
ent sweetness of sucrose. Sodium chloride at con-
centrations of 0.03, 0.1, 0.2, 0.4, and 0.8 signifi-
cantly enhanced the sweetness of all levels of su-
crose (Table 1, Fig. 4). At 1.67% sodium chloride,
however, apparent swectness was significantly de-
pressed. The analysis of variance shows no varia-
tion due to sucrose levels or replications, but very

EFFELT OF SUCROSE ON THE SALTINESS OF SODWUM CHLORIE
~ 1 T e L T T L
0 % SODIUM CHLORIDY =

FERENCE SCORE

IF

n

20--

i
-2 5 -
|

: ! 1 H

— S -
24

AVERAGE SALTINESS

[ 06 e

% SUCROSE
Fig. 3. Effect of sucrose on apparent saltiness

of sodium chloride in canned tomato juice.

large variution due to salt levels and judges. Di-
vergence of opinion between judges and between
groups is readily seen in Table 5, where only
Group II was in complete agreement and assigned
the highest positive average difference scores.,
Study V. Effect of citric acid on apparent
saltiness of sodium chloride. This study was the
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TASTE RELATIONS IN CANNED TOMATO JUICE

A0
Table 3. Analysis of variunce of difference scores. Interaction of sucrose and sodium chloride.
h 7 o I11. Sucrose-saltiness? IV. Sodium chloridc-sweetness®

Source e e e s e e e
of Degrees of Mean Degrees of Mean
variation freedom square freedom square

(S) Sucrose 3 70.02%*# 3 3.46
(N) NaCl 3 55.57%%* 5 315.19*+*
(R) Replications 3 1.72 3 2.50
(J) Judges 12 12,97+ 12 232.76***

(G) Groups 2 2.13 2 318.60***

(Y) Judges

within groups 10 15144 10 215.59***
SXN 9 9.57%* 15 4.49**
SXR 9 0.65 9 4.08*
SxJ 36 '5.28+ 36 4.7444%

GXxS 6 6.91 6 5.38%*

Y XS 30 4.95 30 4.61%**
N xR 9 1.45 15 3.46*
Nx]J 36 6.54** 60 27.57%%%

GXN 6 379 10 25.87%*%

Y xN 30 7.09%* 50 27.91%%*
Rx]J 36 3.90 36 1.81

G xR 6 1.20 6 1.20

YXR 30 4.44 30 1.93
SXNxXR 27 4.64 45 2.04
SXNX]J 108 5.26%* 180 3.56%**
SxRx]J 108 3.10 108 1.94
NXRX] 108 - 2.33 180 2.23*
Remainder © 324 3.32 540 1.81

* Effect of sucrose on saltiness of sodium chloride.
* Effect of sodium chloride on sweetness of sucrose,

“Error termm (SXNXRX]J7.

*, %%, 2+ Respectively significant at p = 0.05, 0.01, and 0.001.

EFFECT OF SODIUM_CHLORICE ON TWE SWEETNESS OF SUCRDSE
1177 T N:52 1 B .
% SUCROSE

I S

+
o
I

AVERAGE SWEETNESS DIFFERTNGE SCORE

b

% 5CDIUM CHLORIDE

o

Fig. 4. Effect of sodium chloride on apparent
sweetness of sucrose in canned tomato juice.

final one of the series, and, because of exhaustion
of the tomato juice supply, it was necessary to use
fewer concentrations.  Note, however, that the
range of concentrations sclected for both the salt
and the acid approximate the ranges used in the
previous studies. Talle T and Fig, 5 show that
the acid enhanced the saltiness of the three levels

EFFECY OF CITRIC ACID ON THE SALTINESS OF SODUM CHLORIDE
T Neag 1

20— .

1

% S0DIUM CHLORIDE

AVERAGE SALTINESS DIFFERENGE SCORES
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Fig. 5. Effcct of citric acid on apparent saltiness
of sodium chloride in canned tomato juice.

of sodium chloride. Judges differed from each
other slightly, but groups agrecd on the pattern of
general enhancement of apparent saltiness.
Study VI. Effect of sodium chloride on apparent
sourness of citric acid. A picture of gencral de-
pression of sourness by the addition of 0.02 to
0.32%. sodium chloride is presented in Table 1
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and in Fig. 6. All citric acid levels were affected
similarly.  Judges generally agreed on direction
of response, except for a high positive value as-
signed by Judge 8 (Table 5). Again, replications
and J X R were not significant ( Table 4).
Influence of original sensitivity on reliability
of response. As indicated previously, although all

sgy, . FFFECT_OF SO0 CrLOROE ON THE_SOURNESS QOF CITRIC ACID
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Fig. 6. Effect of sodium chloride on apparent

sourness of citric acid in canned tomato juice.

Table 4. Analysis of variance of difference scores. Interaction of citric acid and sodium chloride.

AND CHRISP 4935

thirteen judges fell within the established range
of acceplability on the basis of their sensitivity
and saltiness in tomato
juice, there were three sublevels of sensitivity
among the thirteen judges. Tt was immediately
apparent from the statistical analysis that these
groups gave significantly different responses in all
but two studies. Since the method requested an
indication of apparent taste intensity, there were
no “right” or “wrong” responscs. Consequently
the data were grouped according to the repro-
ducibility of opinion of the three groups when
judging duplicate pairs. In all six studies the
frequency of reversal of direction of response
within a set was higher for judges of the lower
sensitivity. For the low-, medium-, and high-
sensitivity subgroups, respectively testing 1680,
1564, and 2100 duplicate pairs, the percentage of
reversals was 15.8, 13.2, and 8.8, Chi-square an-
alysis showed that these percentages differed sig-
nificately at p = 0.001.

to sweceiness, sourncss,

DISCUSSION

Although different judges participated, the
average tastc intensity scores reported for

V. Citric-saltiness?® VI. Sodium chloride-sourness®
Source - — - o e e
of Degrees of Mean Degrees of Mean
variation freedom square freedom square
(C) Citric acid 2 63.45%+* 3 2.38
(N) NaCi 2 6.80 4 108.84%**
(R) Replications 3 1.96 3 1.40
(J) Judges 11 16.67%** 12 109.38%**
(G) Groups 2 1.30 2 132.44+**
(Y) Judges within
groups 9 20.09%%+ 10 104.77%%+
CXN 4 12.5]%%* 12 2.59
CxR 6 247 9 2.16
Cx] 22 .42+ 36 4.12*
GxC 4 1.79 6 6.08*
Y xC 18 7.46%** 30 373
NXR 6 6.18* 12 1.79
NxJ 22 4.57%* 48 12.40%+*
GXN 4 4.97 8 0.69++*
Y XN 18 4.48* 40 12.94%**
Rx]J 33 4.00* 36 2.85
GxR 6 3.48 6 3.03
Y X R 27 4.19* 30 2.81
CxNXR 12 1.82 36 225
CXNx]J . 44 298 144 245
CxRX]J 66 3.27% 108 2.96
NxRx]J 60 292 144 237
Remainder 132 2.28 432 286

* Effect of citric acid on saltiness of sodium chloride.

b Lffect of sodium chloride on sourness of citric acid,

* Error term (NXRxCx ]).

*, #%, ¢+ Respectively significant at p = 0.05, 0.01, and 0.001.
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Table 5. Average difference scores assigned by individual judges.®
T T ]"47 o ”W N '—7777”]71"1 T v ) Vv VI
Sucrose- Citric- Sucrose- NaCtl Citrie- NaCl-
Group? Judge Sex sourness sweetness saltiness sweetness saltiness S0UTNEss
n 64 80 64 96 36 80
High 1 M —0.94 —1.25 —1.44 —0.65 +0.78 —1.58
2 F —1.25 —-0.85 —1.00 +2.006 -+1.50 —1.58
3 13 —1.19 —2.15 -1.59 —2.29 -+0.67 —2.55
4 ¥ —2.19 ~-1.43 —0.72 +0.33 —0.28 —1.98
5 B 172 —023 4003 4238 4056  —LS5
T —1.46 --1.18 —0.94 +.0.37 -+0.64 —1.85
Medium 6 M —0.50 . —0.55 —0.66 -+2.00 +0.78 —1.15
7 M +0.06 --1.43 --0.81 +1.92 +2.00 —2.45
8 M —0.41 . —0.50 -+1.04 +1.50
9 M —1.59 —1.78 —1.34 -+2.54 —0.39 —1.55
X ~0.61 —1.25 —0.83 +1.88 +0.80 —0.91
Low 10 M -—0.66 --0.68 —0.63 +2.19 +1.33 —2.30
11 M -—1.06 —0.83 -1.34 -+0.58 +0.83 —0.55
12 M +0.16 —0.63 —-1.16 —0.56 -+0.78 +0.30
13 F —0.38 —0.50 —0.91 —1.08 -+40.28 —0.35
X —0.49 —(.66 —1.01 +0.28 +0.81 —0.73
Differcnce * 23 192 162 362 2.39 405

* Negative scores indicate the compound depressed apparent taste intensity. Positive scores
indicate the compound enhanced apparent taste intensity,

®» Grouped on the basis of scusitivity to sweetness, sourness and saltiness determined by
triangular testing during original training period.

* Difference between highest and lowest value within each study.

the tomatoe juice are in excellent agreement
with those for water solutions (Panghborn,
1961 ; 1962) and for lima bean purée (Pang-
born and Trabue, 19641). Individual judge
variability was substantizl in all studies, yet,
in all media, sucrose and citric acid exhib-
ited mutual masking effects, as did sucrose
and sodium chloride, except for a slight en-
hancement of swectness by low levels of
sodium chloride. Citric acid enhanced all
levels of sodium chloride whereas sodium
chloride depressed the sourness of citric acid.
The latter relationship was more clear-cut
in the tomato juice than in the purée sam-
ples. There was nu prior assurance that
there would be agreement between the two
media, for lima bean purie is a thick, starchy,
bland product in which sweet and sour com-
pounds occur at or helow threshold levels,
and saltiness 1s slight. Commercial tomato
juice, in contrast, contains between 0.66 and
1.1% sodiun chloride (Anderson et al.,
1954) and its sourness and sweetness are

readily perceptible. Another variation was
that of temperature of serving—165°F for
the purée and 70°F for the tomato juice.
To determine the influcnce of temperature
on taste responses, it would be necessary to
standardize the amount of solution ingested
and the length of time it remains in the
mouth. Although the rate with which the
liquid passes over the tongue may be con-
trolled, the temperature of the receptors may
be of more importance than that of the stim-
ulating substance.

It is generally recognized that experi-
mental judges differ substantially in sensi-
tivity and in reproducibility of sensory re-
sponse, vet most investigators in food psy-
chophysics ignore this source of variation by
reporting mean values, only. In many cases,
the variation is reported as the error term
in the analysis of variance. Early in our
studies on the interaction of the basic tastes
we noted variation among judges in ability
to deteet differences, and in rating of taste
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intensitics; some  judges consistently used
the upper, and others the lower, part of the
rating scale. Furthermore, with the experi-
mental nethod used herein, the judge evalu-
ates “apparent” sweetness, sourness, or salti-
ness. There 1s no right or wrong response,
but between- and among-judge variability
could occur as a result of shifting criteria of
interpretation of these sensations in the pres-
ence of a secondary compound. In informal
conversations with some judges, we noted
a stated intention to achieve consistency of
response. Sonie subjects decided during the
training period that one conpound depressed
or enhanced apparent taste intensity, then
attempted to maintain this direction of re-
sponse throughout the study. As indicated
by Jones and Marcus (1901), individual
differences in judgment of taste stimuli may
be ascribed to perceptual differences or to
differences in habits of response.

In the present study, some judges re-
marked that the influence of the added com-
pound altered the character of the secondary
compound rather than the apparent inten-
sitv. If an appropriate method could be de-
veloped, a modification of the so-called time-
intensity study  (Neilson, 1958) could be
used to establish the temporal and sequential
changes in apparent taste intensity of both
compounds in a mixture. The procedure
would present some difticulties since the oral
stimulation is relatively rapid.

Gregson and McCowen {1903) recently
ohserved that some judges generally con-
sidered citric acid to increase sweetness i
water solutions whereas other judges re-
ported a decrease. Those investigntors agree
that it is misleading to treat all tasters as
cquivadents, and that judge effects should
be separated in the analysis of the data.

In the present study, judges were selected
on the basis of their ability to diserininate,
then further subdivided into three levels of
sensitivity, Results do not idicate that this
original sensitivity influenced the direction
of the response, ie. whether the secondary
compound enhanced or depressed the appar-
ent intensity of the primary, but it was mani-
fested somewhat in the magnitude of the dif-
ference scores (Table 5) and in the repro-
ducibility of judgment. In retrospect, it
would have been of interest to have retested
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the judges' discriminability at the termina-
tion of the study to determine whether the
experience of the extended tasting influenced
sensitivity.

Current investigations are showing that
there is little relationship between the ability
to detect a taste in the presence of additional
compounds and the effect of one compound
on the apparent intensity of another (Pang-
horn and Ough, 1904; Pangborn and Trabue,
19G:4b). Once again, even these relation-
ships are influenced by individual judge
variability.
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ENZYME MECHANISMS CONTROLLING SUBSTRATE SUPPLY
IN CARDIAC MUSCLE

P. J. RANDLE. R M. DENTON and P J. ENGLAND

Department of Biochemistry, University of Bristol. Bristel. UK.

Cardiac muscle mav utilisc a number of substrates in support of respiration. These
include glucose. pyruvate und lactate from carbohvdrate sources and free fatty acids
or ketone bodies from lipid sources. The utilisation of these substrates may be shown
in vivo in man and experimental animals with cardiac catheterisation or by in vitro
perfusion. /n vive glucose. pyvruviate and lactate mayv be derived from plasma pools of
these substrates or from cardiac glycogen: free tutty acids and ketone bodies may be
derived from plasma pools or (in the case of free fatty acids) they may possibly be
derived from circulating chylomicrons or muscle glveerides (e.g., see Bing, 1965; Randle
et al., 1966, Enser et al., 1967; Carlsen et al.. 1961 Willchrands, 1964). Amino acids
are apparently not readily utilised by cardize muscle in support of respiration (Clarke,
1957; Hicks and Kerly, 1960; Williamson and Krebs, 1961).

In diabetes, in man and in experimental animals, cardiac muscle in common with
other tissucs oxidises glucose at « much lower rate. Respiration is maintained by the
oxidation of fatty acids, which may be cxtracted from the plasma pool of non-esterified
fatty acids at an increased rate (Bing er al.. 1958: Ungar er «l., 1955). The alloxan-
diabetic rat heart, perfused /7 vitro with or without insulin. shows a similar impairment
of glucose utilisation. The maintenance of respiration under these conditions has been
attributed to the oxidation of fatty acids derived from muscle glycerides. In experiments
which are summarised below direct evidence on this point has been obtained by measure-
ment of the change in cardiac lipids during perfusion and from estimates of the relative
rates of hydrolysis and re-synthesis of glycerides in rat heart during perfusion.

When cardiac muscle is provided with more than one respiratory substrate. competi-
tion can occur for the oxveen consumed. Such substrate competition may be readily
demonstrated by in vitro perfusion. Thus fatty acids or ketone bodies may inhibit the
oxidation of glucose and vice versa, but fatty acids or ketone bodies are apparently the
preferred substrate (Williamson and Krebs, 19615 Shipp er «fl.. 1961). Earlier studies
with the perfused rat heart have indicated that the oxidation of fatty acids and ketone
bodies may impair the oxidation of glucose through inhibition of pyruvate dehyvdro-
genase, phosphofructokinase and hexokinase (Randle er al.. 1960). The mechanisms
proposed involve inhihition of pyruvate dehydrogenase by acetyl-CoA. which mayv accu-
mulate as u result of fatty-ucid or Ketone-body oxidation: and inhibition of phospho-
fructokinase by citrate formed from acetyl-CoA. Similar mechanisms may operate in the
diabetic heart, where inhibition of these enzvmes and accumulation of acetyl-CoA and
citrate has been demonstrated (Gartand and Randle, 1964 Pogson and Randle, 1966:
Bownuan, 1966; Randle er af., 1968). Inhibition of hexokinase in the diabetic heart. and
in the normal heart during the respiration of fatty acids and ketone bodies, has been
provisionally attributed to inhibition of hexokinase by ghicose 6-phosphate (Crane and
Sols, 1955), which may accumulate because of phosphotructokinase inhibition. Kinetic
studies with rat heart phosphofructokhinase have shown that citrate raises the K, for
fructose 6-phosphate without changing the Vo of the enzvme (Pogson and Randle,
1966). Conscauently, the inhibition of phosphofructokinase by citrate in the cardiac
muscle cell may involve muechanisms which Himit the formation of hexose monophos-
phates. Inhibition of hexokinase by glucose 6-phosphate would appear to be of major
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tmportance in this connexion and detailed kinetic studies have been made to define the
quantitative importance of glucose 6-phosphate concentration in the conirol of rat-heart
hexokiniase

PRIGEYCTRIDE SYNTHESIS AND BREAKDOWN IN THE CONTROL OF
VATIY ACTD ONIDATION IN RAT-HEART MUSCLE IN VITRO

In the normal var heart, pertused with medium containing glucose and insulin, the oxida-
tion of glucose man account for approximately 80 per cent of the oxygen consumption,
In the diabetic heart the onidation of glucose was depressed and it accounted for no
more than S0 per cent of the oxygen consumed. In an earlier study it was suggested that
the oxtdation of fatty acids from the breahdown of muscle glycerides may account for
the balance of respiration. Qualitative evidence in support of this conclusion was ob-
tained from measurements of glyeerol output (s o measure of lipolysis rate) and concen-
trations of free futty acids and fatty acvl-CoA, which were increased in the diabetic
tissue. The evidence was not entirely conclusive in the absence of quantitative data. In
particular, the measurement of lipolysis rutes, based on glycerol output, did not neces-
sarily provide a quantitative estimate of the rate of fatty-acid oxidation in the ahsence
of estimates of the rate of re-esterification of fatty acids. Moreover, the use of glycerol
output as an index of lipolysis rate may be criticised because of the possibility of glycerol
utilisation by the heart (Kreisberg, 1966: Robinson and Newsholme, 1967) and of
glycerol formution tfrom glycerol phosphate (Vaughan, 1961),

In more recent experiments, quantitative estimates of the rate of fatty-acid oxidation
in the perfused heart have been obtained in two ways. Direct measurements of the loss
of lipid during perfusion have been made in the diabetic heart. Estimates of the rate of
re-esterification of futty acids in the heart have been obtained from measurements of
the incorporation of radioactivity from [U-14(] glucose into glyceride glycerol and gly-
cerol and of the specific activity of lactute produced by the heart (which was shown to
be similar to the specific activity of glycerol phosphate). The rate of fatty-acid oxidation
could thus be independently computed from the difference between glyceride hydrolysis

TABLE 1

Contributions of glucose and glvcogen and endogenous triglyceride
1o respiration in the perfused rat heart

Normal Alloxan-diabetic
heart heart
Triglyceride loss (M futty acid ‘g dry muscleshr) — 41.6
Lipolysis rate (M glycerol /g drv muscle, hr) 4 20
Re-esterification rate (+:M glveerolphosphate

esterificd/g dry muscles hr) 1.2 34
Difference (lipolysis —— re-esterification)

(as M fatty ucid g dry musclehr) 8.4 49 8
Oxygen consumption (#M/g dry muscle, hr) 1800 1850-2000
Oxygen consumed in glucose oxidation (M /g dry muscle/hr) 1482 1038
Oxygen consumed in fatty acid oxidation

(Mg dry muscle/hry:

based on triglyceride loss — 955
based on (lipolysis — re-esterification) 196 1150
based on (tetal oxygen consumption —— oxygen

utilised for glucose oxidation) 318 812-962

For details of methods used see Denton and Randle (1967a, b).
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and glyceride synthesis. The methods have been deseribed in detuil elsewhere (Denton
and Randle, 19674, b) and the results may be summurised ay follows below.,

Experiments, in which normal hearts were perfused without added substrate for 60
minutes, showed that there was disappearance of glveerides (tmono-. dij- and trighyce-
rides), but no significant change in phospholipid concentration. Since cardiac contraction
ceased after 40 minutes, it appeured that glveerides, but not phospholipids. couid be
readily utilised in support of respiration. These results and conclusions are in generul
agreement with those of Olson and Hoeschen (1967).

The results of these measurements in normal and disbetic hearts are summuarised in
Table L. In the diabetic heart periused with glucose and insulin. Joss of glveeride during
perfusion was detected by direct measurement. 1 he rate of loss of ghceride was suf-
ficient to account for the difference hetween the total oxvgen consumption and the
oxygen utilised by glucose oxidation. In the normul heart. the rate of re-esterification of
fatty acid was less than the rate of lipohysis tas measured by glyeerol output) and the
difference gave u value for (he rate of fatly-ucid oxidation, ‘which was consisient with
the rates of oxvgen consumption and glucose oxidation. In the diabetic heurt, the rates
of lipolysis and re-esterification were both markedly increased: and the ditference zave
a value for the rate of fuitv-acid oxidution, which was consistent both with the measured
loss of glyceride und with the oxyeen avatlable for fatty-ucid oxidation. These results are
consistent with the view that fatty-acid oxidation is accelerated in the diubetic heart
in vitro; that the fatty acids are derived from the hydrolysis of muscle glycerides; and
that the increased rate of fatty-acid oxidation depends upon an increased rate of lipolysis
and not upon a diminished rate of re-esterification of fatty acids.

GLUCOSE 6-PHOSPHATE CONCENTRATION AND THE CONTROL OF
GLUCOSE PHOSPHORYLATION IN RAT-HEART MUSCLFE

The idea that plucose 6-phosphute concentration may control rates of glucose phosphory-
lation in rat heart originated in the observation that glucose 6-phosphate is an inhibitor
of rat-heart hexokinase and that the rates of glucose phosphorylation are inversely re-
fated to the muscle concentration of glucose 6-phosphate (Crane and Sols. 1955 News-
holme and Randle, 1961, 1964; Regen er al., 1964). The possibility of other mechanisms.
such as a full in the concentration of hexokinase in diabetes, us seen in adipose tissue
(McLean ef a/,, 1966), or control by the concentrations of inorganic phosphate, ADP,
and S’AMP (Tiedermann and Born, 1959; Crane and Sols, 1935), has been also sug-
gested. One approach to the control of hexokinase in ral heart appeared to be to predict,
from the kinetic properties of the enzyme and the concentrations of enzyme. substrates,
inhibitors and activators in the heart. the rates of glucose phosphorviation under different
experimental conditions. The extent to which predicted rates and mcasured rates of
glucose phosphorviation are correlated might thus provide information about the control
of hexokinase. Detuils of the methods used and of the crrors which may be introduced
by assumptions about the distribution of hexokinase and its substrates and effectors in
cardiac muscle have been given clsewhere (England and Randle, 1967).

Hexokinase in rat heart is found in both soluble and particulate fractions. The Kinetics
of the two fractions have been separately investigated. The K, values for glucose and
MgATP2 were virtually identical. Of a large number of muscle metabolites tested as
effectors, glucose G-plosphate, ADP. and S‘AMP were inhubitors. The inhibition by
glucose 6-phosphate was partly dependent upon A'TP concentration (mixced inhibition).
ADP and 5AMP inhibition was competitive with ATP. The soluble cnzyme was nore
sensitive to inhibition by glucose O-phosphite at physiological concentrations and the
particulate enzyme was more sensitive 1o inhibition by ADP and S7AMP. Inorganic
phosphate at concentrations within the physiological range partially relieved glucose
6-phosphate inhibition; but the cffect was not farge wt physiological glucose 6-phosphute

concentrations.
The total activity of hexokinase in the normal heart wias 45.0 units, g dry muscle at
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37°C. There was no change in total activity in alloxan-diabetes. The total activity of
hexokinase in hearl extracts was much greater (% 5) than the activity expressed in the
perfused heart. This suggested that the enzyme is inhibited in the cardiac muscle cell.
Calculations based on the kinetic data for the enzyme and ccll concentrations of sub-
strates and effectors indicated that this inhibition was mainly due to glucose 6-phosphate
(90%) with a smali contribution from ADP and 3’AMP (10%). Such calculations en-
abled rates of glucose phosphorylation in the perfused heart under a variety of experi-
mental conditions to be predicted. These were compared with rates of glucose phosphory-
lation measured accurately in a microcirculation perfusion apparatus, in which glucose
uptake could be measured minute by minute. The agreement between the predicted and
measured rates shown in Figure 1 was very close. These studies have involved a number

IO'OF

y wt/min )
Qo

2:5

Measured rate (umoles /g d

1 1 1 -
0 25 50 75 100

Predicted rate (umoles/g. dry wi/min)

Fie. 1. Correlation hetween rates of glucose phosphorylation in rat heart predicted from the
kinetic properties of rat-heart hexokinase and muscle concentrations of substrates and effectors
and those measured in the perfused heart.

The line drawn is of 45° slope and represents absolute correlation; it is not necessarily the best
fit for the experimental points. The closed circles are from data of England and Randle (1967)
and the open circles are based on data given by Williamson (1965).

of assumptions, for which some experimental justitication has been given (England and
Randle, 1967). Thus it has been assumed that ATP in the cell is mainly present as
MgATP?- that glucose 6-phosphate is contined to extramitochondrial water, and that
this is 75%¢ of the cell water: and that the proportions of soluble and particulate enzymes
in the cell are those measured in extructs and that this does not vary under different
experimental conditions.

GENFRAL CONCLUSIONS

In an carlier study it was suggested that the oxidation of fatty acid accelerated in the
perfused rat heart in alloxan-diabetes: that this is not a consequence of diminished
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glucose utilisation, but is due to accelerated wiglyceride hyvdrolvsis: and that defects in
the uptake and oxidation of glucose in the diabetic tissue might be a consequence of the
increased rates of fatty-acid oxidation. The results of the present studies, which show
that the breakdown of triglyeeride in the diabetic tissue is sufficient to account for the
rate of fatty-ucid oxidation required. urc consistent with this proposal. The measurement
of rates of re-esterification of fatty acids in the heart has shown that this is increased
in diabetes. This observation lends support to an earlicr conclusion that the increased
rate of fatty-acid oxidation in the diabetic tissue is caused by an increased rate of lipo-
lysis. The enzyme mechanism for this change has vet to be defined.

The results of the present studies on the control of rat-heart hexokinase indicate that
the concentration of glucose f-phosphate is the major fuctor regutating glucose phos-
phorylation. The results are, therefore, consistent with the idea that inhtbition of phospho-
fructokinase by citrate, m diabetes and during the oxidation of fattv acids and ketone
bodies in the normal hcart. is responsible for hexokinase inhibition. The contro! of
glycolysis by citrute may, therefore. be regarded as a process of co-ordinated regulution
of both phosphofructokinase and hexokinase.
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METABOLISM OF CITRIC ACID IN UROLITHIASIS!
WILLIAM W. SCOTT, CHARLES HUGGINS anp BERNICE C. SELMAN

From the Department of Surgery of the University of Chicago

Increasing evidence implicates citric acid as a fuctor in the formation of
urinary stones composed of caleium salts.  The present paper is concerned
with the urinary exerction of citrate in normal persons and in patients with stone,
There have been no previous studies of blood and urinary citrate tolerance levels
following eifric acid administration in man.

Sabhatani? first observed that eitrate bound ealeium ions forming a soluble
complex which ix onls slightly ionized. This phenomenon cnables citrate
salts to diswolve stones and bone in the test tube, Practical advantage has
been taken of this effect by Albright, Sulkowiteh and Chute® in the solution
of urinary caleuli by lavage with buffered citrate solutions. The dissociation
of calcium citrate hax been studied by Hastings and co-workerst and oceurs
as follows:

Cay Cit, &2 Catt 4 2 Ca Cit- 1)
Ca Cit~ =2 Catt -+ Cit= (2)

Thus, in the presence of citrate a soluble negatively eharged complex is formed
and the number of caleium ions is greatly reduced with consequently less chance
to form insoluble culeinm compounds.

Citric acid was first discovered in the animal organism by Soxhlet and Henkels
who found lirge quantities of it in cows’ milk.  Four body fluids contain large
amounts of citrate; prostatic fluid, semen, milk and urine. A great concentra-
tion of citric acid in the animal organism oceurs in human prostatic fluid® which
may contain 2.6 gni in 100 ce.”  The skeleton® contains much larger amounts
of citric acid thanu other tissues; the citrate content may be as much as 1.6
per cent of dry, fat free bone.

Amberg and McClure? first elearly demonstrated citrate in the urine of nor-
mal persons where it is excreted at timnes in large amounts {(table 1). Citric
acid in the urine occurs both from endogenous and exogenous metabolism.  As
proof of the endogenous origin is the fact that citrate still is excreted in the urine
after 2 prolonged period on a eitrate-low diet

The excretion of eitrie acid in the urine ix influenced by several known factors.

1. Age. The citrate excretion of infants is low10.11.12 compared with the
urine of milults,

! This investigation was supported by a grant from the Committce for Research in
Problems of Sex of the National Research Couneil.
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2. Urinary pH. In an acid urine citrie neid is usually decreased in amount
and in an alkaline urine the value is increased.

In the acidosis of uremia® and diabetic coma’® ™ citrate exeretion is markedly
decreased. Ostberg® discovered that oral ingestion of acid decreased  the
urinary citrate concentration; this muy he brought about Ly the adniinistration
of hydrochloric acid®, ammonium chloride™ 5 and other acid radiclos,

Ostberg® showed that ingestion of alkali increases the eitrate content of
urine; this occurs after intake of sodivm Licarbonate® 4.0 4y other alkalies.
Sherman, Mendel and Smith'' observed that NaltCOy increased the eitrie
acid output in the urine of man, dog wnd rat. Alkalosis resulting from hy perpnen
increased urinary citrate', '

3. Diet. There is an increased citrate excretion in the urire atfter cuch
meal's:1%: while this obzervation suggests the alkaline tide, Wuyper aad Mattills
pointed out that cating eggs and toast produced greater citrate exeretion than
sodium bicarbonate did, althongh the urine was more alkaline with the latter.
In some dogs a high sucrose diet produced greater citrate excretion than o high

TawLe 1.—Daily urinary excretion of citric acid in man

AUTHIORS l AGE AND STATE " AMOUNT FXCRETED
! mg.
1. Smith, Barnes, et al... ........ . .. . .. . 8 infants | 64-237
2. McClure and Sauer..................... .. I 39 children 30-431
3. Amberg and McClure.......... ... . ... 3 adults 410-475
4 Ostberg... ................... ... ... 300 adults 140-1340
5. Sherman, Mendel and Smith. ... ... .. 7 adults 356-1180
6. Kissin and Locks...... ...... ... .. . .. 16 normal adults I 180-1260
7. Kissin and Locks...... ......... ... .. | 16 adults; urolithiasis j 30-312

casein diet!®; combination of a high sucrose diet with alkali caused large excretion
of citrate.

4. Citrate administration. Ingestion of citrate usually causes an increased
urinary elimination of this substance although the vield is not great. The
largest increase of urinary citric acid after ingestion of 40 gm. of this material
Was 1 gm.®® Kuyper and Mattill” found that 1.5-2.5 per cent of ingested eitric
acid escaped oxidation. Sherman, Mendel and Swith'? observed in the dog
following the feeding of large amounts of citiie acid that about 0.7 per cent
of the acid appeared in the urive.  When fed, suceessively, chemieally equivalent
amounis of sodium bicarbonate and sodium eitrate, dogs always exereted more
citrate on the latter compound?s. Feeding ammonium citrate to man increased

1 McClure, W. B., and Sauer, L. W.: Am. J. Physiol., 62: 100, 1922,

" Lindquist, N.: K. fysiogr. Sallsk. Lund. Forh., b: 17, 1635 (cited in Chem. Abstracts,
81: 7095, 1937 , o i

1 8mith, A, H., Burnes, D.J., Mever, C. 10, and Kaucher, N.: J. Nutrition, 20: 255, 1940.

13 Bstbery, O.: Skand. Arch. Physiol ., 62: 81, tu3l.

" Boothby, W, M., and Adames, M.: Am. J, Physiol., 107: 471, 1934,
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the citric acid output threefold®. Citric acid fed to infants® did not cause
a large increase in the urinary excretion of citrate.

5. Sex hormones. Shorr and colleagues'® ohserved a characteristic cyclic
alteration in citrate excretion during different phases of the menstrual cycle,
viz. low exeretion levels during menstruation with high values about the middle
of the cycle.  They administered estradiol benzoate to two smenorrheic girls,
causing significant increases during treatment with a sharp return to lower
levels on discontinuing it; a male with pituitary hypogonadism, during testos-
terone injection, had a decreased citrale excretion during the treatment with g
rise when the hormone was discontinued.

6. Citrate cxcretion in wrolithiasis. Boothby and Adams™ observed that
citrate was absent from the urine of two patients with stone. The matter wae
not further investigated until the important paper of Kissin and Locks appeared;
they?® studied 24 hour specimens of urine of 16 patients known to have calcium
stones in the urinary tract, on normal dicts, and observed average excretion of
165.3 mg. with ranges from 30-342 mg.; 16 Liealthy persons, as control, excreted
an average amount of 627.6 mg. in 24 hours, with ranges 180-1260 mg. Shorr
and co-workers® studied 2 men who had a history of recurrent stone formation
observing abnormally low amounts of citrate and large amounts of calcium in
‘the urine.

The destruction of citric acid by many types of bacteria has long been known:
not all bacteria burn citrate however, since the incubation of citrie acid for
44 hours with the feees of infants®? or of the rat? did not destroy this substance.
Many tissucs, including the kidney, are able to burn citrate. Martensson®
found that venous blood from the kidney was lower in citrate than arterial
blood; perfusion of the isolated kidney with citric acid led to rapid disappearance
of citrate even when urine is not being seereted.  Fvidence has been presented?®
that the kidney is able (o synthesize citrate from sodium malate.

MATFERIALS AND MLTHODS

Citric acid was determined, colorimetrically, on blood and urineby the method
of Pucler, Sherman and Vickery™ adupted to the Evelyn photoelectric color-
imeter; a 4200 Angstrom filter was used. Ferrous sulphate was employed
throughout for decolorizing the oxidation mixture,

Urine was colleeted for 24 hour periods from 3 men on a normal diet using
toluol or roneentrated HCL as preservatives.  The effeets of ammonium chloride,
10 g and of citric acird 18 gm. by mouth were studied.,

Citric acid, 18 grams, dissolved in water, 250 ce, wus given after a breakfast of

18 Shorr, I, Bernheim, AL R, and Taussky, 1., Scieuce, 96: 606, 1042,

¥ Kissin, BB, and Locks, M. O.: Proe. Soc. Fxp. Biol. and Med., 46: 216, 1941,

2 Shorr, 1., Aliny, ‘'F. P., Sloan, M. H., Taussky, #1., and Toscani, V.: Science, 98: 587,
1942,
1 Kuether, C. A, Meyer, C. I, and Smith, A, H.: Proe. Soc. Exp. Biol. and Med., 4:
224, 1940,

# Mértensson, J.o Skand. Arch. Physiol., 80: 303, 1938,

3 Orten, J. M. and Smith, A. I1.: J. Biol. Chem., 1281 101, 1939,

# Pucher, G. W, Sherman, C. C., aud Vickery, H. B.: J. Biol. Chem., 133: 235, 1936.
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. Fia, 2. Daily citric acid excretion of a man aged 40 in good health on a mixed diet; the
Increage citrate excretion following oral ingestion of citric acid (6 gm. at 4 hour intervals)
and the decreased excretion following ammoniuin chloride, 10 gm. by mouth, are shown.

206



206 W. W. SCOTT, ¢. HUGGINS ANXD B, ¢. SELMAN
TasLe 2.—~Citrate excretion Sfollowing ingestion of eitric acid, 18 gm.
‘ ‘I ’ ' ‘ TOTAL
[ URINARY
I FASTING ' HIGHEST I‘ XNXTIAL- HIGHEST | ('.lTHH" .ACID UREA
R T Bl -
, ACID | Aclp ! AcID ACID HOURS g
! ! { AFTER
! J i INGESTION
Normal persons
I ome mg. mg. | omp | me -
fer cent per cent per cent per cent '
1.D.H..... |22 0.9 5.8 120 450 416 65 Normal male
2.C. ... .4 R R 88 | 13 478 46 Normal male
3W.s. 200 05 |35 | os0 | s f 435 | 72 | Normal male
T U V" 2 A IE T I O S 260 | 303 48 | Normal male
5D M. 28 03 1 40 | 110 330 | 350 60 | Normal male
6. J.J.. .. l 22 : 0.9 ' 2.4 50 236 | 633 44 Normal mule
TRB.S.0y] 2o 0 73 / 30 328 1 476 48 | Normal female
8 B.S..... 2.2 ’ 8.0 50 520 | 434 50 Normal female
Average......... [ 1.32 ! 5.3 f 2.2 E 315 | 441 l l
Urolithiasis
9.J.8. . log RE l 3.8 ] o | o o | 6 | Recurrent caley.
| | lus formation,
! ‘ [ Streptococeus
| ’ viridans infec-
J | fection
10. P. 8 132! 13 3.3 30 30 78 5¢ | Multiple unilat.
| f eral calculi,
i ‘ | | | Uninfeeted
11. P. 8 132 ) 130 50 8 105 | 114 45 | Multiple unilat-
i ‘ | | eral caleuli.
; : f # ! Uninfected
1220 H...... (43, 1.6 ‘ 1.9 ! 30 1 42 59 — | Unilateral neph-
| i ,‘ ; rolithiasis
3. W.J.... . '35 ’ 1.3 3.2 ‘ 46 102 116 50 | Repeated passage
B : j | of stones
WEK . arlae ez 1m0 | 16 | 192 | 58 | Unilateral stones
E ! | secondary  to
} ! hydroncphrosis
1P 7 1S 10 20 ;130 ‘ 202 44 | Bilateral nephro-
i 1 | i lithiasis
16. C.B... . 51 2 52 3w | oow 325 35 | Unilateral stone.
v : ] ! ‘ No  apparent
‘ f ‘ increase in size
! “ i ! | for six years
i . !
Average . ... 1.3 40 47 | s0 | oass ! 4

coffec and 1 xlice of toast to 16 normal persons and 10 patients who had kiduey
stones; all of these people were ambulatory.  One patient had infection of the
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urinary tract with Streptococeus viridans, but the urine of all other paticnts was
free from infection.  Rlood and urine were obtained just hefore eitrate sdininis-
tration and at 2, 1 and 3 hours after ingestion.  "The winount of urea in the blood
and in the urine excreted in 30 minutes were determined gacometrieally and the
urea clearance caleulated in euch instance,

Detailed analysis of the stones was nod made.  Analysis of 4 stones showed
significant amounts of caleium.

RESULTS

The whele blood of 24 young adults contained eitrie acid 0.9-2.6 mg. in 100
¢¢, average 1.6 mg.  The urine of these persons after a breakfast of toast and
coffee contained concentrations of citrate, 26-120 mg. per cent; the uaverage
amount was 68 mz.  There ix less citrate in the urine of children than in adult
life and at puberty the concentration approaches that of normal young adults
(fig. 1). The urine of 25 children, age 2 months to 11 years, contained citrie
acid, 4 to 42 mg. per cent, average 21 mg.  In 3 old men, 80-84 vears, repeated
analyses of the urine rhowed low citrate, values less than 40 mg. per cent being
obtained.

There was a fluctuation in the duy to day output of citrie ncid in healthy young
males, but no evidence of evele was obtained as has been deseribed in women!.
Ammoniuin chloride, 10 g, by month, in 2 normal men, caused o decrease in
the citric acid excretion and citric acid, 18 gm., orally, produced a marked cleva-
tion (fig. 2).  In addition to the values obtained in old age, there is evidence that
citric acid exeretion decreased in states of debility. A man with chronic ne-
phritis and uremiy during one week exereted less than 150 mg. of citrie acid daily.
A woman, age 64, and free from caleuli, who had a nephrectomy for a solitary
renal eyst exereted citric acid, less than 140 mg. daily for 12 davs in the post-
operative period.

In the presence of enleified stones the urinary citrate excretion is Jow. The
blood eitrate in eight of these patients was essentially the same as the normal
tontrols.  Tollowing the ingestion of citric acid 18 gm., with 1 exception, the
blood citrate rose as high as in the controls; the urinary excretion, however, was
tonsiderably deereased (table 2)..

DISCUSSION

The increased citrate excretion in voung adults, beginning at puberty in

both male and female, contrasted with children and old men suggests a hormonal
’ Palal

Telationship; this suggestion supprrts the observation of Shorr e al.' who have

demonstrated that in women a rise of citrate occurs in the middle of the nien-

Strual eycle presumably related 1o estrogen.

The decreased citrate exeretion in enleinm nephrolithinsis is in wgreement with
the discovery of Kissin and Locks' which has heen contiemed by Shor and
Bives support to the metabolic theory of origin ol certain caleilied stones in the
Wrinary tract. Tt ic obvious that a decreased wrinary citrate exeretion can
fepresent cither diminished alimentary absorption of citrate or unuswaltly etli-
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cient mechanisms for burning citrate before reaching the kidney, in the kidney
itsell or in the urine?®

With reference to the last consideration, it has long been known that m: \ny,
but not all, types of bacteria can burn eitrie acid; in the present scries, only oy
patient with nephrelithiasis (table 2, care 9 had urinary infeetion.

Analyses of blood and urines after the inpestion of amounts of eitric acid suil.
cient to clevate the blood eitrate should test absorption from the bowel as well g
prerenal and renal catabolism of citrie aeid.  The eitric acid content of the bloy

of patients with nephrolithiasis (average, 1.5 mg. per cent) wus not significantly .

different from the normal values (average, 1.32 mg. per cent.). Following (.
ministration of citric acid, 18 grams, all patients except one (table 2, case 12)
had an appreciable elevation of blood citrate which was only slightly less thay
normal.  From this we deduce that absorption and prerenal eatabolism do not,
differ greatly in nephrolithiasis from in the normal state. However, there ig
a greatly diminizhed exeretion of citric acid in most of the patients with stone,
even in the absence of infection.  Presumably the oxidation of citric acid oceurs
in the kidney although there is no rigorous proof exeept in infections that it does
not occur in the urine,
« Following vral administration of 0.5-2.0 gm. of citrie acid per kilo to dogs,
Sherman, Mendel and Smith?? ohserved an average urinary exeretion of 0.7 per
cent of the ncid; the rise in blood ecitrate was maintained for 3% to 73 hours.
The mechanism of exeretion of citrate by the kidney is uncertain.  Caleula-
tions of citrate clearances from the data available from the tolerance studics,
indicate that citrate clearances roughly parallel simultaneous urea clearanc(,s,
This evidence, together with the tyvpe of curve developed by plotting plasma
concentrition of citrate against total citrate excretion suggests a filtration and a
resorptive mechanisin for citrate. However, any theoretical consideration is
hindered by the fuet that all citrate determinations were made on venous, not

# Citrate may also be deereased in urine by entering the solid phase of urinary stones,
of which it is a frequent constituent.  1In 100 such calculi analyzed, only 7 contained no
citric acid.  The following concentrations of citrate were found, the highest value being

3.34%,
O 0.19%, 18 stones
L 1.0%, 59 stoues
O o P 2.0%, 8stones
20, ... A 3.09%, 4 stones
B 3.349%, 2 stones

Detailed anulyses were m'qu, of 9 stones (onmlmng the largest amounts of citric acid, 1.6~
3.31%; the results expressed with reference to dry weight, follow:

mp. per 100 mg.
Caleium. o 25.5-37.5
Magnesinm e 3.0- 5.7
]’hrn‘phnrus B T 7.8-19.75
Oxalate e 6.9-52.8

The golability of ('111 um citrate, Cag(Cel1507)2-4H:0, has been reported to be 2.5 gm.
per liter (ihout 0.004 Molar) at 30° (Archiv. Pharm., 241: 413, 1930), Adsorption or the
formation of & complex salt might cause citrate to appear in stones, even if the solubility
of calcium citrate as such is not excceded.
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arterial bloods. A priori, lower citrate vilyes for venous Blood from the Kidney
ate obtained than for arterial hlood

The results show that wsually it is not pos<ible to <ignificantly inerese nrinary
citrate in the wrine of <tone patients with citrie weid by oral sedninistration of o
single large dose of this sub=tance. 11 is apparent that exeretion of the Loge
amounts of eitrate which oceur in the urine following eitric aeid by month (s
much ax 19 gm. daily in our experience: fadl in the range where effect in decaleifi-
cation of stones might take phiee: what i~ needed clivieally wre methods 10 sig-
nificantly inerease citrate exceretion in an aeid nvine in patients with stone,

CONCLUSIONS

Compared with children and debilited persons.aved wen, ineregsed amounts
of citric acid arc exereted in the urine of normal adulis Beginning «t puberty,

In the presence of ealeified arinary culendi the urinary citrate is lower in ron-
centration than in normal adnl< while the blood eitate I~ at o normal level,
Feeding large amounts of citrie aeid 1o patients with urolithiasi< inereases the
blood citrite as in the normal but much Jess citrate is exereted in the urine than
oceurs in the controls.  Absorption from the bowel and prevenal catabolisng of
citrate in wrolithinsis are not abnormal, but move efficient mechani<ms exist in
stone patients for oxidation of citrate in the kidney or urine than in healthy

persons,
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Department of Physiological Chemistry, Wayne Unriversity College of Medicine
and Harper Hospital, Detroit, Michigan

(Received for publication May 17, 1940)

It has long been known that the salts of the organie acids
oceurring in fruits and vegetables arve, with few exceptions,
metabolized to alkaline nd-products in the hody. The ex-
tensive literature on this point has been reviewed by Smith
and Orten ('37). Furthermore, the observation has been
made that, like natural fruit Juices, the ingestion of sodinm
citrate results in au inereased pl of the urine and an aug-
mented exeretion of citrie acid whereas an equivalent amount
of free citrie acid has little obvious influence on the com-
position of the urine (Ostherg, "31; Kuyper and Mattill, ’33;
Boothby and Adams, '34). It has been shown that the alkalin
1zation produced by sodium bicarbonate and by sodium acetate
likewise increascs the eitrie acid in the urine from which
evidence the conclusion has heen reached that the organism
has the ability to synthesize citrie acid (Schuek, *34a,b; Sher-
man, Mendel and Smith, '36a).

The distinet metabolism of free citrie acid has boen empha-
sized by the almost complefe disappearance (insofar as
examination of the urine is councerned) of this compound in
adult human subjeets (Os‘[berg, 31; Kuyper and Mattill, '33;
Schuck, ’34b), in the dog (Sherman, Mondel and Smith, '36h),
in the pig (Woods, 27; v. Fiirth, Minncheek and Ldel, ’34)

* A preliminary report was presented hefore the American Tnstitute of Nutrition,
New Orleans, March, 1940,

* Chas. Pfizer and Co. Rescarch Fellow in Physiologieal Chemistry, 1938-39.
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and in the rat (Kuether, Meyer and Smith, ’40) after admin-
istration by mouth. Gonee and Templeton (°30) examined the
urine of four children ranging from 7 to 12 vears of age before
and after giving 4 gm. of “‘dehydrated’’ eitrie acid per 15
pounds body weight. The results were irregular but in one sub-
ject the ingestion of the free acid resulted in a pronounced drop
in the concentration of citric acid in the urine. In a study
of the factors influrncing the retention of caleium, phosphorus
and nitrogen of infants who weve fod whole milk, Jeans and
co-workers (’36) made a comparison of the metabolism of
the focd citrate on the one hand, and of added citri- acid, on
the other. With four infants ranging in age from 7 weeks to
26 weeks, 0.088 to 0.206 gm, of citric aeid wore oxerotod in the
urine when 1.47 to 2.72 gm. per day of food citrate were
consumed; when, after adding free citrie acid as a curdling
agent to the milk, the eitric acid intake was increased from 3.16
to 5.02 gm., the output remained at 0.097 to 0.213 em, These
data indicate complete destruction of citvie acid when fed as
such to this age group. )

In their study of the metabolism of orally administered
citric acid in the dog, Sherman, Mendel and Smith (’36Db)
found no increase in fecal citric acid when from 0.5 to 2.0 gm,
of the free acid per kilo body weight was given. Langecker
(’383) detected no citric acid in the feces of rabbits after
feeding either sodium citrate or citric acid. The studies of
Kuether, Meyer and Smith (’40) show that the feces of rats
contain small amounts of citric acid and that the administra-
tion of free citric acid has little, if any, influence on the
quantity lost by way of the intestine.

That considerable amounts of citric acid appear in the feces
of human subjects was demonstrated by Smith, Bauguess and
Barnes (’39) in a study of cleven infants from 3 to 14 months
old; they reported analyses showing that from 1.0 to 7.8% of
the citrate ingested by this group appeared in the feces, The
present study is an extension of their work; it deals with the
comparison of the metabolism of food citrate and of free
citric acid as determined hy the balance methed,
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EXPERIMENTAL PART
Methods

The subjects of this study were eight infants from 4 to 12
months of age with varying degrees of mild clinical rickets
but without other abnormalities. They were given as much
as they would voluntarily consume of a formula made up of
dried milk, barley flour and B-lactose and also canned cereal,
soup and apricot-apple sauce. Accurate account of food con-
sumption was kept at all times. During the collection periods
(3 days in length and marked by carmine) the babies were
maintained on metabolism frames which permitted a com-
plete separation of urine from feces and accurate quantitative
collection of hoth. The data discussed herein are derived from
one period during which free citrie acid (365 mg./kg. body
weight per day), was given by gavage in divided doses and
one or two basal periods without added citrie acid, for each
subject.

The urine was collected in hydrochlorie acid and the feces
were digested with concentrated hydrochlorie acid to a uni-
form suspension. For the determination of citrie acid in the
food, feces and urine, the method of Pucher, Sherman and
Vickery (’36) was used, the final measurement being made
photoelectrically, using a color filter having a maximum trans-
mission at 4250 A, Approximately 1 gm. samples of the
separate food materials were thoroughly stivred with acid
(70 ce. water and 3 ce. concentrated sulfuric acid) and ex-
tracted on a hot plate; after making to volume and filtering,
the determination was made directly on the filtrate in most
cases. The reconstituted dried milk was treated with trichlor-
acetic acid and the determination made on the protein-free
filtrate. The analyvses for the citrate content of the food
materials appear in table 1. Inasmuch as it was shown that
all of the citrie acid of the digested fecal suspension was in
the fluid part, samples for analysis were measured direetly
vith a pipette.

258 ARTHUR H. SMITH AND OTHERS

DISCUSSION OF RESULTS

It is obvious from the analyses of the food materials shown
in table 1 that all of the constituents of the diet contained
citric acid but that the dried milk and the eanned fruit mixture
were particularly rich in this respeet, In the conrse of the
experiment the food of the individual infants contributed
from 1.091 to 2.502 gm. citric acid per day (see table 2).

In the report of Smith, Banguess and Barnes (739) atten-
tion was called to the not inconsiderable elimination of citrie

Table I.

Citric Acid Content of
Diet Constitiuients

Material Citric Acid

Per Cent
Barley Flour| o.047
* Milk Powder 1.400-1.625
B-Lactose 0.000 - 0.006
** Cereal 0.132
x % Sowp 0.078

** Apricot and | 0.638
Apple Sauce

* Klim
* % Gerber's

acid in the feces although it was pointed out that the larger
part of the exeretion was through the urine. In the present
study it is shown again that the feces always contain eitrie
acid in varying proportions of the intake but ordinarily less
than that appcaring in the urine. The source of this citrie
acid may be the food, digestive or other body fluids entering
the intestine or the activity of the intestinal bacteria. Incu-
bation of known amouuts of citric acid with infant feces for
44 honrs produced, in our experience, neitlier destruction nor
formation of citric acid. This observation agrees with that
of Langecker ('34) who found that the bacteria and CNZYMes
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in the intestinal tract of the rabbit do not destroy eitric acid.
In another study (Kuether, Mever and Smith, ’40) it has been
shown that ineubation of the intestinal contents of the rat
with free eitrie acid for 44 hours results in no detectabie
destruction or formation of cifric acid. In subjeets ER, TA,
WE and MC the large losses of citrie acid in the feces during
the period of free citric acid administration are correlated
with diarrhea, probably induced by the ecitric acid itself. The
food and possibly the intestinal sceretions, thus appear to be
responsible for the presence of eitrie aeid in the feces. It is
worthy of comment that, in the absence of diarrhea, fecal citric

Table II. CITRIC ACID BALANCE

Uxerelion of Gibme AmidiClhrie Aaxd ), .

Sitric Acid Intale erel: / e b Urine |Urine
SO in Absorbed | “rine furine
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acid represents a lower proportion of ingested eitric acid in
the periods when the free acid is fed than in the control
periods.

The above observations permit the conclusion that the citrie
acid which disappears from the intestinal tract is absorbed.
From table 2 it can be scen that the proportion of ingested
citrie acid which is absorbed is high but is decreased in those
instances where diarrhea was present. A different picture
i« presented by the data for citrie acid exeretion in the urine:
here both absolutely and in relation to the quantity ingested,
the values for the concentration of citrie acid are strikingly
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lower during the period when free citric acid was fed than
in the control periods when the citrie acid was obtained only
from the food. A comparison of the proportion of ingested
citrie acid which was absorbed with the proportion appearing
in the urine, provides an index of the completeness of meta-
bolism of this substance. The thivteenth celumn in table 2
indicates that within the control periods and within the free
citric acid-feeding periods, the extent of metabolism of the
absorbed eitrie acid is uniform for the various subjects, 1ow-
ever, when one compares the extent of metabolism of the free
acid period with that of the control periods, there is a striking
ditference; the proportion of the absorbed eitrie acid escaping
destruction averaged 9.6 (6.9 to 13.1) % in the control periods
and 2.5 (1.0 10 3.9) % in the free aeid periods. In the light
of the failure to store citrie acid in the body under ordinary
conditions (Smith and Orten, '37) these data strongly suggest
the interpretation that ingested free citrvie aeld is either
largely destroyed in the body_orv transformed to a non-citrate
type of compound (see MacKay, Carne and Wick, '40).

A comparison of the amount of citrate ingested in the food
with the concentration of urinary citric acid may be ‘aken as
an index of the influence of the diet on endogenous citrie acid
production inasmuch as both the salts of the organic acids
oceurring in foods and the major foodstuffs themselves, are
known to affect citrie acid synthesis. Such a comparison,
shown In table 2, indicates that in seven of the eight subjects,
the ingestion of free citrie acid decreases the ratio of urinary
to food eitric acid, which fact may be interpreted to indicate
that not only is the free citrie acid metabolized but that, under
its influence, the basal produection of citric acid as affected by
the diet, is inhibited. A similav comparison of the data from
like experiments with the rat (Kuether, Mever and Smith,
40), shows that, whereas the administered free citrie acid
completely disappears with this species it does not interfere
to the same extent with the formation of urinary citrie acid as
infiuenced by the diet. The synthesis of eitrie acid, which can
be demonstrated in the rat (Smith and Meyer, '39, Kuether,

| XX



METABOLISM OF CITRIC ACID 261

Mever and Smith, "40) is not so striking in the human subjects
herein deseribed. .

Fxperimental data are available showing that under certain
conditions, the exeretion of citrie acid by the kidney is sup-
pressed. Thus the administration of hydrochloric acid or of
potentially acid substances like caleium chloride and ammon-
inm chloride, is followed by a decrease in citrate concentration
in the urine (Ostberg, '31; Kuyper and Mattill, '33; Boothby
and Adams, "34). Again, Smithand Meyer ('39) have (101%101‘1—
strated that in the rat, the preduction of endogenous ecitrie
acid is greatly diminished when the animal is maintained on
a high-protein diet. In the present investigation the failure to
inerease urinary citric acid apparently is not due to its effect
on the acid-base equilibrivm for it has been sho\\'n. by S.‘c‘mlck
(’34h) that ingestion of the free acid produces little if any
variation of the pH of adult human urine and the same ob-
servation has been made in the rat (Kuether, Meyer and
Smith, '40). )

The present study shows again that the metabolism of f:ree
citric acid is not the same as fthat of food citrate or sodmpl
citrate insofar as can be judged by the exeretion of citric acid
in the urine. That the metabolism of the free acid exerts a
marked effect on that of food ecitrate is demonstrated by the
data. From these balance experiments one can conclude that
the fate of food citrates and of free citric acid in the infant
is like that in adults and in the other mammals which have thus
far been studied.

SUMMARY

Based on the data derived from a series of balance stud.ies
with infants, it has been shown that the oral administration
of free citrie acid results in a marked decrease in the pro-
yortion of the ingested eitrie acid and food citrate appearing
in the urine, as compared with that of the control peri(?d in
which the basal diet is the only source of citric acid. Ordma‘r-
ily, the teces contain a small amount of citrie acid; the citrie
acid of intestinal contents is uninfluenced by the addition of
free eitrie acid.
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RENAL CITRATE CLEARANCE IN INFANCY
V. Tischler, P. Beﬁo, 0. Pavkuvéekova, 1. Lahita, J. Jacina
Pediatrics Clinic of the Medical Faculty UPJS, Kogice, chief,
Prof. Dr. F. Demant

Infants Institute, Kosice, director, Dr. I. Lahita

To check the participation of the kidneys in the metabolism of citrate
in man the clearance technique was used in 1964 (1). We were unable to
determine in available literature data on the use of the clearance technique
in checking the participation of the kidneys dmn the metabolism of citrate
in infancy. Pavtial data from this age period are mostly incomplete and
pertain only to some indicators of renal participation dm the metaboiism of
citrate. Under these conditions it is difficult to consistently use the
findings from the physiology and pathology of adults in diagnosis and perhaps
also in the therapy of disturbances-of the metabolism of citric acid in iidmfancy.
Disturbances in the metabolism of citric acid were already noted in many
pathological conditions. These are mainly various endocrinopathies, diseases
of the bone system, malignant diseases of the kidneys, liver, heart, congenital
metabolic diseases and disturbances in nourishment. Many drugs and metabolically-
active substances, including vitamins, also bring about changes in the met-
abolism of citric acid.

In view of the above we decided to investigate some parameters in infants
of the participation of the kidneys in the metabolism of citrate, this being

done both in twenty-four hour samples of urine and in short-term observations.
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Materials and Method

We investigated clearance of citrate in twenty-four hour samples of
urine in 116 healthy eutrophic infants placed in the Infant Institute in
Kofice. We checked only male infants (because of the easier possibility of
collecting urine in quantity). The infants were on a set formula regime fbr .at
least two to three weeks. Before the investigation they did not receive
vitamin D. We took blood for checking the plasmatic concentration of citrate
in the worning on an empty stomach in test tubes with dried heparin. After
taking the blood after spontaneous urination we began to catch the twenty-
fiour hour uncauterized urine, the collection of which also ended with
spontaneous urination. The beginning and end of the collection of urine was
conducted under the supervision of a doctor, We collected the urine in
bottles into which we placed 0.5 ml of 10G% thymol in absolute alcohol as a
conserving reagent,

We wmade the short;term investigation of the clearance of citrate in 19
healthy eutrophic infants of both sexes. This was done by the standard
clearante technique with the use of an infusion of inulin. We did the
checking in the morning after night fasting. In selecting the infants we
used similar criteria as in infants with the twenty-four collection of urine.

We observed the maximal tubular resorption of citrate (Tm) after an
intravenous  application of a-starting dose and a maintaining dose of 3%
citrous acid, that is, natriumcitrate, in a physiological solution. We gave
the starting dose in the quantity of about 0.2m Mol/l kg, the maintaifiing-~dose
in the quantity of about 0.0lm Mol/1 kg/min.

We determined citrate both in the plasma and in the urine according to
Gey, inulin by the modified:method according to Vesterdal, creatinine

according to Mowmos (for details see &),
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sults
The average valuecs of citi ..o clearance from the twenty-four hour
samples of urine fluctuated in individual months of life between 5.37-8.01
nl/min./1.73 m? of body surface with a tendency toward higher values in the
first months of life. The average value of citrate clearance (with standard
deviation) for the entire period of infancy was 6.17=2.58 ml/min,/1.73 m2
of body surface.

In the short-term investigations with the use of the standard clearance
technique we verified the average value of citrate clearance 7.78+=3.68 ml/min./
1.73 mé of body surface, Tubular resorption of citrate expressed in absolute
values was 0.026%0.007 mg/l ml of glomerular filtrate, expressed in relative
values 61.91 £ 4,477 from the value of the filtrated quantity., Individual
values of the listed parameters, including clearance of inulin are in the table.

With an increase of citratemia (by the parenteral induction of citrous
acid, that is, natriumcitrate) 1in the average 5.4 times as against the
control value we did not determine in infants the existence of maximal tubular
resorption of citrate.

Discussion

The quantity of plasma cleared with some substance for a unit of time
during the passage of blood through the kidneys depends on the prefiltrated
quantity and on the processes arrived at during the passage of the primary

1€
urine through the tubular apparatus. In the citrate,hhotquaptity prefiltered
during a unit of time is calculated as a product of glomerular filtration
and concentration of citrate in the plasma since thus far the value of Donnan’s
factor for this substance i not known.

The quantity of glomerularly filtered citrate is not under normal conditions

the determining factor of the value of citrate clearance (l). Under certain
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conditions however the quantity of prefiltrated citrate can become a
determining factcr of its excretion. Thus Grollman et al.(4) established
that with the infusion of l-malate (but also other intermediates of the

C citrate
Krebs cycle) in dogs the ratio of C exog.creat. increases quickly and this

to such a degree that citrate clearance can reach the value of the clearance
of exogennic creatinine. Under these conditions then the prefiltrated citrate
will quantitatively be excluded by the urine. Also with metabolic alkalosis the
value of the citrate clearance can increase even to the value of glomerular
filtration (4) as a result of the hampering of oxidation of the resorbed
citrate in the mitochondria of the tubular cells.
We evaluated the participation of the tubular apparatus at excretion
of substances by the variance in the glemerularly filtrated and relesased
by the urine quantity of a given substance. The standard clearance technique
therefore expresses only the summary action and does not catch all the
processes, or the bidirectional movement of substances, as experimental
methods allow, for example, the micropunct and "stop flow' method. With
the aid of these it was shown that in the evaluation of the participation
of the tubular apparatus in the metabolism especially of organic substances,
one must reckon with a combination of processes or resorption, secretion,
diffussion, synthesis, utilization and bilateral non-ionic diffusion (3).
Under physiological conditions, with the participation of the kidneys
tubular functions, especially resorption, are a decisive factor in the
metabolism of citric acid. The majority of authors take the view that
citrate is not excreted by the tubules (1,4). The question of tubular
secretion of citrate however is not yet fully resolved because secretion
of other intermediates -of the Nrebs cycle has already been verified also

in chicks in which the tubular circulation is separated from the glomerular
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by the existence of the vein portae renalis (5). The bidirectional tubular
movement of malate was also verified by the "stop flow' method.

Several authors verified both the synthesis and the utilization of
citrate in the kidneys. Moreover the tubular cells do not utilize only
the citrate from the peritubular blood but also from the tubular fluid 4).
We verified the synthesis and utilization of citrate in vivo (in dogs) also
in our own research (8) and we observed that the transition of one process
to the other and vice versa can take place in a relatively short time.
Whether citric acid in the kidneys is utilized or produced predominantly
is probably determined mainly by the functional condition of the. tubular
apparatus and the concentration in the blood of the utilized substrata~in
the blood (3). Changes in the acidobasal balance (8) which are also the
main factor influencing the non-ionic diffusion of substances through the
cellular membranes (3) have a great influence on the metabolism of citrous
acid in the cellular tissue.

The clearance of citrate is the resulting value of the action of the
listed tubular processes which can be in the quantitative and the qualitative
sense considerably influenced both under physiological conditions and also
by the action of various substances and under various pathological conditions.
Moreover the greatest significance is attributed to hormones, disorders in
the acidobasal balance, vitamin D, dietetic intervention, intermediates of the
Krebs cycle, nephropathies, and to several chemicals (5). According to
Rechnenberg et al. (7) an important role is also played by the age of the
individual.

Shorr et al. (cit. acc. to 1) determined in adults in a twenty-four
hour sample of urine clearance of citrate about 20 ml/min., which agrees

basically also with findings in the short-term investigations of Canary 2t



2398

et al.(1) and this was 17 ml/min./10C ml of glomerular filtrates (bordering

-6~

on 8-22 ml). According to these authors tubular resorption represents the
value of about 857% filtrated quantity of citrate (with the use of clearance
of endogennic creatinine as gauges of glomerular filtration).

The values of citrate clearance which we verified in infants in the twenty-
four hour samples, and also in the short-tcerm collections of urine, represent
barely a third to half of the listed values of adults, This difference is
limited mainly by the ccnsiderably higher tubular resorption of citrate
in infancy (almost ©2%). The difference in contrast to the data in the
literature (1) results however also from the diverse method of measuring
glomerular filtration. After recalculating to 100 ml of glomerular
filtration, measured with the aid of clearance of endogennic creatinine,
the value verified by us represented about (3% of the value which is
given by Canary et al. (1) in contrast to 46% with the use of inulin
as a measure of glomerular filtration., Both as in adults and in infants
however endogennic creatinine is not very suitable for the accurate measurement
of the value of glomerular filtration. The main essence of the difference
between our results with the data in the literature (1) probably rests on
the peculiarities of the metabolism in infancy in general and in the
kidneys in particular,

The differences between the values of citrate clearance which we obtained
from the twenty-four hour samples of urine and from the short-term collections,
can be qualified by several factors. An important role can be played by the
time of the collection of the urine because even when a quantity of citrate
excreted during twenty-four hours is relatively constant during the course of a
day it varies relatively considerably, Also iwmportant is the application of various

factors which vary relat;vely considerably during the collection of
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the twenty-four hour samples of urine and during the use of the clearance
technique (1). In the twenty-four hour collection of urine the influence
of nourishment received is obviously valid and this not only directly but
also by its physiological consequences in the area of acidobasal balance
and in the composition of its internal surroundings (5).

After increasing the plasmatic concentration of citrate ddn the
average to 13.64 mg% we did not determine the existence of maximal tubular
resorption of citrate. Grollman et al.(4) also did not determine (in experiments
on dogs) the existence of maximal tubular resorption of citrate, and this
not even with an increase of plasmatic concentration of citrate on toxic
values.

Investigation of the participation of the kidneys on the metabolissm of
citrate in infancy can be one of the ways of- early determination of metabolic
malfunctions in general and in particular kidney parenchyma. Besides total
disorders in the action of the kidneys they can aid in uncovering disorders
in the regulation of acidobasal balance because the excretion of citrate
also represents a defensive mechanism with the aid of which the kidneys
can conserve fixed anionts. This defensive mechanism was already ascertained
also in the newly-born infants (6).
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Table 1. Values of inulin clearance (Cin)’

resorption of citrate (RCi) in infants
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clearance (Cci) and tubular

Adults (1)

Comparison Age i Ciz (W ;
number in T R R? ;
v Uo t
months mijrom/l1,73 m?
1 Pl 87,54 5,01 94,28
2 ‘ 4 ' 96,08 4,91 94,38
3 \ | & ! 82,28 5,18 94,41
4 i |5 . 99,04 13,65 86,32
5 ‘ S | 80,60 13,80 82,47
8 I | 88,47 3,66 95,86
q | | 118,40 6,11 94,84
8 LT , 111,46 8,08 02,79
9 8 i 105,18 6,43 93,89
10 9 71,58 7,10 90,09
11 9 69,02 13,09 81,03
12 9 59,78 4,57 94,91
13 10 148,71 12,95 91,29
14 10 | 94,98 3,40 96,40
15 . 10 | 11508 | 9,92 91,38
16 12 i 9346 ' 3,28 96,50
17 12 82,74 7,43 90,17
18 12 ! 112,27 12,36 £9,08
19 Io1e t 150,46 | 7,10 95,28
i N
Average 8 E mo,:ut 7,78 81,91
! | |
; | 20,00 | 85,00
1 i




2398

CESKOSLOVENSKA PEDIATRIE PRAHA —~ 25 _ g _ 492493 - 1948

T e L T T8 T A ——

Detsk& klinika Lekarskej fakulty UPJ3, Ko3ice, prednosta prof. dr. F. Démant
Doj&ensky Ustav, Kosice, riaditer dr. |, Lahita

OBLICKOVA CLEARANCE CITRATU
V DOJCENSKOM VEKU

V. Tischler, p, Berio, 0, Paukovéekoua‘, 1. Lahita, I. Jacina
616.483:618.633 [:547.477.1 ]-074-053.3

Poruchy metabolizmy kyseliny citrénovej bolj us Zaznamenané u mnohgch che.-
robngch stavoy. Hlavne sg to rézne endokrinopatie, ochorenia kostného Systému,
maligne ochorenia, choroby obliciek, pecene, srdca, vrodeng metabolické ochg.

Vzhladom na uvedené rozhodli sme sa sledovat y doj¢iat niektors parametre
G&asti obli¢iek na metabolizme citratu, a to ako v 24-hod. vzorkéch moda, tak
aj v kritkodobych sledovaniach.

Material a metdda

Clearance citraty » 24-hod. vzoriek mota sme vy3etrovalj u 116 zdravgch eutrofic-
k§ch doj2iat, umiestnenych v Doj¢enskom Ustave vy Kodiciach, Vy3etrovali sme len
dojfatd muiskeho pohlavia (pre Iahsiy moZnost kvantitattvneno odberu moéaj. Dojeats
boli na ustdlenom reZime umelej vyzivy aspoi 2—3 t¥Zdne, pred vy3etrovanim nedostalj
D vitamin. Krv pg vy3etrenie plazmatickej koncentr4cie citrdtu sme odoberali réno na
latno do skimavisk s vysuSenym heparinom. po odobratl krvi sme PO sponténnom vy-
modent zagalj zachytdvat 24-hod, nekatetrizovany moé&, ktorého odber sa tiey skongil
Spontdnnym ¥ymolenim. Pogiatok aj ukondenie odberu moca sa dialo pod kontrolou Je.
kdra. Mo¢ sme Zachytdvali do flias, do ktorych sme ako konzerva&né ¢inidlo daval
8.5 ml 109 tymolu v ahsoldtnom alkohole.

Krétkodobe vySetrenie clearance citrdtu sme uskuto&nili y 19 zdravych eutrofickych
dojtiat obojeho pohlavig. 2 to Standardnoy clearanceovoy technikou za PouZitia infizie
inulfnu. Vysetrenig sme robili rann PO nocnej hladove;j prestavke. Pri vybere doj¢iat sme
pouzili rovnake kritéria ako u doj¢iat s 24-hoq, odberom moda.

Maximilny tubularna Fezorpeiu citraty {Tm] sme sledovalj PO vnitroZilovom podani
ndrazove| a udrziavace, davky 140y kyseliny Citronove;, resp. natriumcitraty vo fyzio
legickom roztnku, Ndrazova davky sme poddvali v mnoZstve asi 0,2 m Mol/] kg, udriis-
vaciu ddvky v mnoZstve asi 0.01 m Mol/1 kg/min,

V plazme: a4l v omodi sme stanovovali citpat hodla Geya, inulin modifikovanou me-
todou podra Vesterdala, Kreatinin podla Momaosy {pudr()bnc}s‘.ie pbozri 8).
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Vysledky

Priemerné hodnoty clearance citrdtu z 24-hod. vzoriek moca sa pohybovall
v jednotlivych mesiacoch Zivota v rozmedzi 5,37 -8,01 ]l min./1,73 m? telesného
povrchu s tendenciou k vy3Sim hodnotdm v prvych mesiacoch Zivota. Priemerna
hodnota clearance citrdtu (so Standardnou devidciou) pre cely dojcensky vek
bola 6,17 * 2,58 ml/min./1,73 m? telesného povrchu.

Pri kratkodobych sledovaniach za pouZitia Standardnej clearanceovej tech-
niky sme zistili priemernu hodnotu clearance citratu 7,78 = 3,68 wl/min./1,73 m?
telesného povrchu. Tubuldrna rezorpcia citratu, vyjadrend v absolatnych hod-
notdch bola 0,026 * 0,007 mg/1l ml glomerularneho filtrdtu, vyjadrend v hodno-
tdch relativnych 91,91 * 4,47 % z hodnoty filtrovaného mnoZstva. Individudlne
hodnoty uvedenych parametrov, véitane clearance inulinu, si na tabulke.

Pri zvySeni citratémie (parenterdlnym privodom kyseliny citronovej, resp.
natriumcitrdtu) v priemere 5,4-krdt oproti kontrolnej hodnote nezistili sme
u dojdiat existenciu maximdinej tubuldrnej rezorpcie citrdtu.

Diskusia

Mno2stvo plazmy, olistené o nejak( latku za jednotku Casu, pri prietoku
krvi obliékami zavisi od prefiltrovaného mnoistva a od procesov, ku ktorym
dochddza pri prietoku priméarneho moca cez tubuldrny aparét. U citrdtu sa mnoZ-
stvo prefiltrované za jednotku Casu vypocitava ako sucin glomerularnej filtracie
a koncentracle citratu v plazme, kedZe zatial nie je zndma hodnota Donnanovho
faktoru pre tato latku.

MnoZstvo glomerularne filtrovaného citrdatu nie je za normdlnych podmienok
uréujicim faktorom hodnoty clearance citrdtu (1). Za ur¢itych podmienok sa
viak mnoZstvo prefiltrovaného citrdtu méZe stat rozhodujicim faktorom jeho
exkrécie. Tak Grollman a spol. (4] zistili, Ze pri infdzii 1-malatu {ale aj inych

intermedidtov Krebsovho cyklu} u psov rychle stiipa pomer _ Ceitratu a to a%
Cezog. kreat.

tak, ¥e clearance citratu méZe dosiahnut hodnotu clearance exogénneho kreati-
ninu. Za tfchto pomerov sa teda prefiltrovany citrat kvantitativne vylaci mocom.
Tie? pri metabolickej alkal6ze mdZe stipat hodnota clearance citrdtu aZ na
hodnotu glomerularnej filtracie (4) v dosledku brzdenia oxiddcie rezorbovaného
citrdtu v mitochondridch tubuldrnych buniek.

Ocast tubuldrneho aparatu pri exkrécli latok hodnotime z rozdielu glome-
vulfrne filtrovaného a mocom vylaceného mnoZstva danej latky. Standardna
tlearanceovd technika vyjadruje teda len sumarne deje a nezachytava vietky
procesy, pripadne biderekciondlny pohyb latok, ako to dovoluji experimentalne
metody, napr. mikropunkéna a ,stop flow" metdda. Pomacou tychto sa ukézalo,
Ze pri hodnoteni tidasti tubuldrneho apardtu na metabolizme, zvl43f organickych
latok, treba potitat s kombindciou procesov rezorpcie, sekrécie, difizie, syntezy,
utiliz4cie a obojstrannej neionickej difizie (3).

Za fyziologickych podmienok sa pri Gtasti obli€¢iek na metabolizme kyseliny
citrénove] rozhodujice tubularne funkcie, hlavne rezorpcia. V&tSina autorov
<astdva nézor, Ye citrat sa tubulami nesecernuje (1, 4}. Otdzka tubularnej sekre-
vie citrdtu viak eSte nie je plne dorie$end, pretoZe uZ bola dokdzana sekrécia
ingch intermediatov Krebsovho cyklu a to aj u kurciat, u ktorych je tubularna
tirkuldcia oddelena od glomeruldrnej existenciou vena portae renalis {5). TieZ
.stop flow" metddou bol dokdzany bidirekcionalny tubuldarny pohyb maldtu.

Viaceri autori dokdzall tak syntézu, ako aj utilizdciu citrdtu v oblitkéch.
Tubuldrne bunky pritom neutilizujd len citrat z peritubulirnej krvi, ale aj z tu-
bularnej tekutiny (4). Syntézu aj utilizdciu ecitrdtu in vivo (u psov) sme zistili
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aj pri vlastnvch sledovaniach (8} a pozorovall sme, Ze prechod jedného procesy
v druhy a naopak mézZe sa diat v relativne kratkom case. O tom, ¢&i je kyselina
citronovd v oblickdch prevazne utilizovand alebo produkevand, rozhoduje asj
hlavne funkiny stav tubulirneho aparatu a koncentréacia utilizovatelnych sub.
strdtov v krvl {3). Velky vplyv na metabolizmus kyseliny citrénovej v tkanive
maji zmeny acidobazickej rovinovahy (8), ktoré sd aj hlavnym faktorom, ovplyy.
flujicim neionicka difdziu latok cez bunkové membrany (3).

Tab. 1. Hodnoty clearance inulinu (C¢n), clearance (Cgy)
& tubuldrnej rezorpeie citrdtu (R¢y) u dojéiat

Cisn Cos
Por. Vek Ry
&isln v mes. v %
ml/mm/1,73 m?
1 1 87,54 5,01 94,28
2 4 96,06 4,91 94,89
3 5 92,28 5,18 94,41
4 5 99,04 13,55 86,32
5 6 80,60 13,80 | 82,87
6 6 88,47 3,66 . 9586
7 7 118,40 6,11 94,84
8 7 111,46 8,08 92,79
9 8 105,18 6,43 | 03,89
10 9 | 71,58 7,10 90,09
11 9 | 69,02 13,09 81,03
12 8 89,78 4,67 94,91
13 10 148,71 12,95 91,29
14 10 94,26 3,40 96,40
15 10 115,08 9,92 91,38
16 12 93,46 3,28 96,50
17 12 82,74 7,43 90,17
18 12 112,27 12,26 89,08
19 12 150,46 7,10 95,28
Priemer 8 100,33 ; 7,78 91,91
Dospeli (1) ‘ ’ 20,00 | 85,00
i

Clearance citritu je vyslednou hodnotou pdsobenia uvedengch tubularnych
procesov, ktoré moézu byt v kvantitativnom i kvalitalivnom zmysle znacne ovplyv-
fiované tak za fyziologickych podmienok, ako a) pdésobenim rdoznych latok a za
chorobnych stavov. Najviacsi vyznam sa pritom pripisuje horménom, porucham
acidobdzickej rovnovihy, D vitaminu, dietetickym zdsahom, intermedidtom Kreb-
sovho cyklu, nefropatidm a viacerymm chemikdliam (5). D6leZita uloha pripada
podla Rechnenberga a spol. (7) aj veku jedinca.

U dospelych Tudi zistil Shorr a spol. [(cil. podla 1) vo 24-hod. vzorke moca
clearance citratu okolo 20 mlmin., ¢o zodpoveda v podstate aj nélezom pri
krdtkodobych sledovaniach Canaryho a spol. (1) a to 17 ml/min./100 ml glome-
ruldrneho filtratu (s rozmedzim 8—22 ml}. Podla tychto autorov predstavuje
tubuldrna rezorpcia Lodnotu asi 85 05 filtrovaného mnoZstva citratu {pri pouziti
¢learance endogénnelio kreatininu ako miery glomeruldrnej filtracie).

Hodnaty clearance citratu, ktoré sme zistili t dojciat vo 24-hod. vzorkdch —-
ako aj pri kratkodohych odberoch mosg — predstavuja sotva tretinu a¥ polovicu
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uvedenych hodndt dospelych ludi. Tento rozdiel je podmieneny hlavne zna&ne
vy$Sou tubuldrnou rezorpciou citratu v dojcenskom veku {temer 92 5], Rozdiel
oprotl tdajom literatary (1} vyplyva ale aj z rozdielnelio spdsobu merania
glomerulédrnej filtrdcie. Po prepocitani na 100 ml glomeruldrnej filtrdacie, me-
ranej pomocou clearance endogénneho kreatininu, predstavovala nami zistena
hodnota asi 63 % hodnoty, ktori udavaji Canary a spol. (1} oproti 46 % pri
pouZiti inulinu ako miery glomerularnej filtracie. Ako u dospelych, tak aj u doj-
¢iat je v3ak endogénny kreatinin na presné meranie hodnoty glomeruldrnej
filtrdcie malo vhodny. Hlavna podstata rozdielu medzi na$imi vysledkami
s ddajmi literatiry (1) vSak asi spotiva vo zvlaStnostiach metabolizmu v doj-
¢enskom veku vSeobecne a oblitiek zv1ast.

Rozdiely medzi hodnotami clearance citratu, ktoré sme ziskali z 24-hod.
vzoriek moca a pri kratkodobych odberoch, méZu byt podmienené viacerymi
faktormi. DéleZitd rolu mdéZe hrat cas odberu moca, pretoZe aj ked mnoZstvo
citrdtu, vylicené za 24 hodin, je relativne stdle, v priebehu diia pomerne znaéne
varfruje (2]. D6leZité je aj uplatnenie rozdielnych faktorov, ktoré sa pomerne
znatne lisia pri odbere 24-hod. vzorky moca a pri pouZiti clearanceovej tech-
niky (1). Pri 24 hod. odbere mota sa uplatiiuje zrejme aj vplyv prijimanej
potravy a to nielen priamo, ale aj svojimi fyziologickymi ddsledkami v oblasti
acidobézickej rovnovdhy a v zloZenf vnitorného prostredia (5).

Po zvy3eni plazmaticke] koncentricie citrdtu v priemere na 13,64 mg%
nezistill sme existenciu maximélnej tubuldrnej rezorpcie citratu. Grollman
a spol. (4) tieZ nezistili (v pokusoch na psoch] existenciu maximélnej tubular-
nej rezorpcie citratu, a to ani pri zv¢sSeni plazmatickej koncentracie citrdtu na
toxické hodnoty.

Sledovanie (fastl obli¢iek na metabolizme citrdtu v dojéenskom veku méZe
byt jednou z ciest véasného zistovania metabollick¢ch poriich vieobecne a zv1&st
obliZkového parenchymu. Okrem celkovych poriich &innosti obli¢iek mdéZu po-
moct odhalit poruchy reguldcie acidobazickej rovnovdhy, pretoZe exkrécia ci-
trdtu predstavuje aj obranny mechanizmus, pomocou ktorého moZu oblicky 3etrit
fixné anionty. Tento obranny mechanizmus bol zisteny uZ aj v novorodeneckom
veku (6]).

Sdhrn

U 116 zdravych eutrofickych dojéiat na ustdlenom reZime umelej vyZivy
sme v 24-hod. vzorkdch moda =zistill priemernd hodnotu clearance citratu
6,17 * 2,58 ml/min./1,73 m?2 telesného povrchu.

Pri kratkodobgch sledovaniach, robenych rdno na la¢no u dojéiat {vybera-
n¢ch podla rovnak§ch kritérii ako v prvej skupine), sme §tandardnou clearan-
ceovou technikou s pouZitim inulinu zistili priemernd hodnotu clearance citratu
7,78 + 3,68 ml/min./1,73 m? telesného povrchu. Priemerna hodnota tubuldrnej
rezorpcie vykazovala 0,026 = 0,007 mg/l ml glomerularneho filtratu, &o v rela-
tivnych hodnotdch predstavuje 91,91 = 4,47 % hodnoty filtrovaného mnoZstva.

Pri zvy3eni citratémie v priemere 5,4-krat oproti kontrolnej hodnote sme
nezistili existenciu maximélnej tubuldrnej rezorpcie citratu u dojciat.

Tumnep B, Benro II, [Taskosuekosa O, Jlaxura H, Auunna N: Mo
Heqyp¥ KAHPEHC DHTPATa B IPYIHOM BO3pacre

Y 116 apopostix, apTOTpoduUdECcKMX IpyAHHX AeTelf, COAEPKAWUXCA HA ypaBHOBEWEHHOM
PeXHMe HKCKycCTBEHHOrO THMTAHHUA, B CYTOMHHIX NPOJax MOYN YCTAHORNEHZ CPEIHAA BEMMYMHA
Kaupenca uurpata 6,17 = 2,58 ma/man/1,73 M2 nomepxnocts Tena.

Ilpn xpaTkOBpEMeHHBIX HCCNEIOBRHUAX, I(IPOBOANMMBIX YTPOM HA10WAK Yy TPYIHBIX AeTeit
(BriGpaunbix Ha OCHOBaHMM Tex e KPHTEPHEB, Kax 1 B Nepnoft Tpynne) mpH MOMOWL: CTAaHAAPTHOR
TeXHHUKH KiaHpeHca ¢ JNpHMeHCHHeM MHYyJIHHA T1I0xy4eHbl CpeaHde JaHHbie KaupeHca uurpara
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778 + 3,68 ua Mun. 1,73 M2 nosepxuoctu Tena. Cpextime naumbe Kailanbuesoit pesopSumu .
crapanan 0,026 = 0007 M1 Ma kayGoukonoro $unbTpara, uTO B OTHOCHTENbHHEIX naHHBIX Tipey.
crapaner 91,91 « 4,47 % $uanrpyemoro xomiuccrpa.

Hpu nowsuwening umrpatssuy » cpestieM 1 54 pasa, no CpanHeHMUI ¢ KOHTPOABHOIN Beny.
MMHOR, Me yaanuch A0KAATL CYHIECTBORAHME MAKCHMAMBHOMN Kananvuenod peiopSuum uutpar,

Y IPyaHsix aereit
Cs. Pediat., 23, 1965, 6 - 492 —496,

Tischler Vv, Betio P, Pavkoviekova O, l.ahita L, Jacina j.: Reng}

Clearance of Citrate in Infancy

An average citrate clearance value of 6,17 = 258 ml./min./1,73 5¢. m. of boudy
surface was assessed in 24-hours samples of urine of 116 haalthy normal infants p.

ceiving formula.

Samples taken in the morning in fasting infants chosen by the same criteria as
in the first group showed the citrate clearance value (assessed by standard clearanc
technique with the use of inuline (7,78 * 3,68 ml./min./1,73 Sq. m. of body surface. Tho
average value of tubular resorption was 0,026 : 0,007 ml./ml. glomerular filtrate re-
presenting in relative values 81,91 + 4,47 % of the filtered amount.

Though the citratemia was increased, on the average, to 54 times the contr,)
amount maximal tubular resorption of citrate in the infants was not observed.

Cs. Pediat., 23, 1968, 6 . 492—496.
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CANKER SORES FROM ALLERGY TO WEAK ORGANIC ACIDS
(CITRIC AND ACETIO)

Cask RErortT axp CLiNiceal STopy

Lotis Trer, M.D., axp L. N, Errersox, M., PuiLabeLrnis, Pa.’

LLERGY to foods manifests itselt in different ways and can give rise to

a host of clinical manifestations,  The etiological relationship between
the latter and the food allergy may be definite in some instances, as for ex-
ample, the development of angioedema of the lip and/or asthma following the
ingestion of ege by an egg-sensitive child. That cgg is responsible is indi-
cated not only by the elinieal history, hut hy the finding of a positive skin
test reaction to egg and by the prescnee of cireulating antibodies (reaging)
to cgg. Whenever it is possible to obtain sueh confirmatory evidenee, the
etiological association between the offending food and the elinjeal eondition
is easy to prove. But, unfortunately, this is not true of all the elinieal mani-
festations aseribed to food allergy. especially if the skin test reaction to the
suspeeted agent is negative.  Under those circumstances, proof of an etio-
logical relationship must depend entirely upon the subjeetive clinical data
supplied by the patient after the offending food or foods are climinated while
on special or trial dicts. One explanation offered for the oceurrence of a nega-
tive skin test reaetion to the food despite positive elinical tests is that the
allergy exists to a split product of the protein (for example, amino acids, as
in the case previously reported by us'), or to an enzyme (for example, that
present in raw fruits or melons®), or to some other as yet undiscovered agent
which does not give positive skin test reactions,

Recently, we saw a patient in whom recurrent outhreaks of canker sores,
aseribed at times to food allergy, seemed to he associated with an abnormal
reaction or allergy 1o weak organie acids like citrie and acetie, as indiecated
by the results of our elinical studics.  Sinee we could find no record in the
literature of the demonstration of a similar etiological assoeiation, it seemed
worth while to report this case history and the resulis of our elinjeal investi-
gations.

CASE REI'ORT

A man, aged 37 vears, an Army veteran, was first seen in the Outpntient Allergy
Clinic of the Veterans Administration in May, 1053, complaining of nasal blockage,
asthma, amd headuches. These symptoms had begun at the age of 3, following an attack
of whooping cough, and hal heen recurring since then.  Little improvement was noted
either after a tounsilleetomy and adenoideetomy at the age of 7 or after a submucous
resection done at the age of 19,

From the Allergy Clinics, Veterans Administration Regional OmMee Noo 10, and Temple
I'niversity Hospital and School of Medicine, Philadelphia, 'ennsytvania,
Received for publication March 26, 1956,
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The patient enlisted in the United Stutes Air Foree in danuary, 1942, He noted
some incrense in symptoms during his period of training and while fiving planes in the
China-Burma-India theater, especially as the result of changes in tempernture as well us
from exposure to the inhalution of xoft coal smuke in <onthern Winois and to voleanie dust
in the Aleutians, 1In 1950, while in Texax and heenuse of the persistence of svmptoms,
he was sent to the Brooks General Hospital for allergy investigation. Positive skin test
reactions were obtained to wilk and to a few other foods; also to lust, feathers, pyre-
thrum, and ragweed. Iecause of the recurrence of more severe symptoms of asthma and
migraine headaches, he was sent to the Lackland Ruxe Hospital where lesensitizing in-
Jjections of dust and ragweed pollen extracts were given for more than a vear. Following
this treatment, he noted fewer nasal and bronehial symptoms during the ragweed season,
but continued to have headnches when exposed to dust or after the ingestion of certain
foods, such as milk or choculate.

For many vears, probably since early childhood, the patient had frequent canker
sores in the mouth. These were sometimes assoeinted with headunehes and also with vague
muscular pains and varving degrees of lassitude. The canker sores persisted thronghout
his army life and up to the time he was first seen in our clinic. Having had them for
S0 many years, he never complained ahbout them and regarded them as trivial.

The patient remained in the Air Force until May, 1952, when he was discharged.
In September, 1953, he enrolled at the University of Pennsylvania, in the Liberal Arts
College, majoring first in psyehology and later in sociology. Because of the continuance
of the asthma, rhinitis, and headaches, he applied for treatment at the Philadelphia
Allergy Clinic of the Veterans Administration.  Complete intracutaneous skin tests re-
vealed significant positive reactions to house dust, ragweed, timothy, and plantain, with
negative reactions to the commonly eaten foods ineluding milk and chocolate.

Treatment was hegun shortlv afterward. It consisted of the elimination of test-
positive allergens and of desensitization with extracts of timothy and ragweed pollens
and of house dust. The desensitizing injections still are being continued, The patient
reports definite improvement in hix nasal svmptoms and in his asthma. The latter now
is quite mild and is readily controlled by svmptomatie measures (for instance, Tedral),
Despite the institution of allergy treatment, the patient continued to have recurrent canker
sores and headaches; also frequent spells of general lassitude, vague pains, irritability,
and inability to concentrate, which interfered considerably with his studies. Recause of
these symptoms, he consulted the psyehiatrist at the Veterans Clinic, who considered the
symptoms functional in origin.

In attempting to correlate his symptoms with the offending allergen, the patient re-
ported that exposure to smoke or dust of any type would induee severe nasal bhloekage
and wheezing; ingestion of chocolate, eandy, beer, nuts, and seatood also would eause
nasal symptoms and, at times, asthma. Of particular interest i relation to our subse-
quent studies was his ohservation that the euting of chocolate (to which he had a negu-
tive intracutaneous skin test reaction) would provoke an outhrenk of *‘sore spots’' or
canker sores in the mouth associntedl at times with ““itehy bumps'* on the sealp, The
batient was (uite aceustomed to these ranker sores, and for Years had attributed them
to the ingestion of Sugers, sweetls, ““acid foods,”” or eertnin aleoholie drinks. The effeet
of the latter was verified by one episode reealled by the patient which jook place during
his tour of duty in Asin and which is of specinl interest in view of our subsequent elinienl

suilies,  Upon roturning to the home base after a lomg fonr of flving, the Hight medieal
officer wsually advived the pilots to take a fow drinks (o ense the tension and reliove the
customary hemdaches which followed maost flights,  When the patient tried rhis, he txually
developed migraine hewdaches, usthin, and ennker sores. These symptoms at times were
RO severe that he could not repurt tor duty, and he therefure seldom drank,  He reenlled
thut whenever he took mixed drinks coutnining fruit Juives, he invariably developed
wmptoms; on the other hand, when he drank straight liquor, he might develop nuusen
asxoeiated with a mild “hangover,”’ bat would seldom get asthmn, nasal bloekage, or
ennker sores, The reasons for this difference will be evident later,
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One of us (Lo To saw the patient for the first time in May, 1934, in econsultation.

In reviewing the histors with the patient, it secmed likely that the eanker sores followed

the ingestion of certain foods, especinlly grapes or anvthing made from grapes (for

example, grape jvice, jelly, wine, hrandy; alsey after eating chocolates and certain kinds

of candies and earhounted beverages, To verify this possibility, we undertook further

elinieal studiex and were fortunute in having the complete cooperation and exceptional
assistance ot a highly intelligent patient,

Clinical Studies—A survey of the ingestants known clinieally to produee his mouth
svmptoms indieuted that one common factor nearly always was present, namely, citrie
acid. Thix substance was present either as a naturally oecurring organic acid, as in eitrus
fruit, or it wa~ used ax an ingredient in the manufacture of eommercially prepared prod-
ucts, as in carbonated lbeverages. The possibility that an organie acid such as ecitrie aeid
could act as an allergen or conld act 8s a mucous membrane irritant had never oceurred
to us amd has not been noted in the allergy Nterature. Qur attention to citric acid was
drawn especially by some observations of this patient after a rather aceidental experience.

Fig. 1.

Because of the restriction in diet, espeeinlly of milk, the patient felt weak and
hegan to eat candy bars, This only weemed to make him worse. It induced hearthurn,
epigastric discomfort, gas, headache, canker =ores, and general lassitude, and made con-
centration dificult.  He attributed this to the choenlate and excess sugar and so tried
other eandies.

He began eating Necvo wafors, especinlly while in class, and would take one of the
wafers from the package in his pocket nad slip it into his mouth without seeing it, He
reported that certain wafers secmed to eause a puckering or itehing sensation in the
mouth and peculiar discomfort in the stomach. Upon further investigation, he noted that
this woulill happen after eating vellow, green, ur orange waters which apparently con-
tained citric acid, but not from the white, cinnamon, or even the chocolate-flavored ones,
presumably those without citrie aceid. To eliminate the possibility that sugar was re-
sponsible, he ate pure cane sugar cubes and also rock candy without diffieulty. Since he
could take the chocolute wafer without trouble, he tried eating the pure chocolate which
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is used by confectioners or bakers in preparing candy or pastry, This caused no symp-
toms, whereas most of the eommerein! choealate bars, whieh aecording to the labels con-
tained eitrie acid, induced canker sores,

This seemel to indieate that the patient was not allergic to chocolate itself but to
substances combined with it, As n result of these expericnces, the patient became quite
adept at determining whether anything he ate or drank contained eitrie acid. Thus, for
example, he found that he could not tolerate certain cough drops or troches (such as the
red-colored Smith Brothers), whereas others were all right. This also was true of certain
beverages; for example, he could drink unlimited amounts of Hires Root Beer (which,
according to the label, does not contain eitric acil)y without symptoms, whereas one Coca-
Cola or even club soda (both of which do contain eitric acid) imduced canker sores. As a
result of these experiences, the patient hecame label conscious, inspecting all labelx for
citric acid and avoiding foods containing it. By strictly avoiding all substances con-
taining citric acid, the patient coulidl remain relatively free of canker sores for long periods
and aleo conll induce the sores at will by eating citric acid-containing foods.

Becanse of our suspicion that citric acid wax the culprit, we coincildently began a
series of investigntions designed to determine whether our clinieal suspicions could be
verifiel. Since substances like ecitric acid do not give positive skin test reactions even in
sensitive patients, we felt that there was a hetter chance of verification if we used a
direct mucosal contact test. Accordingly, we had the patient put a small crystal of eitric
acid (contained in sour salt) into the oral cavity in the space formed by the lower lip
and the lower anterior alveolar surface, Within a few hours, there was a reddening and
edema at this area. By the next day a white, raised patch 12 to 18 mm. in liameter was
present, with two or three papular elevations aroumd its border. The area sloughed away
leaving a craterlike ulcer with slightly raised edges (Fig. 1). Following the healing of
this ulcer, which required about ten days, the patient then repeated the test in a dif-
ferent area, leaving the crystal in contact for fifteen seconds. Again the same chain of
events occurred at the contact point, but a smaller area was involved. By later tests,
it was found that even momentary contact of a citrie acid crystal on the oral membranes
was sufficient to produce canker sores. Control tests with potassium ecitrate ervstals were
negative, and tests with citric acid ecrystals upon members of the patient’s family and
many other individuals were negative. We then tried other related substances, or those
containing citrate, with results shown in Table L All the substances tested were in the
form of crystals except magnesium citrate, whieh wax in liquid form. The latter was
tested by moistening a pledget of cotton with the solution and placing it in the oral
cavity in the same manner as the erystals.

TaBLe I. REsULTS oF Mucosat CoNTacT TESTS WitH CITRIC AcCIp AND RELATED SUBSTANCES

SUBSTANCE RESULT OF CONTACT TEST

Citric acid (sour =alt) Strongly positive T
Potassium eitrate Negative

Magnesium citrate (solution) Negative

Alka-Seltzer (citric acid, aspirin, sodium

Viearbonate) Moderately positive
Asprrin Negative
Sodium bicarbonate Negative

Bromo-Seltzer (eitrie acid, acetauilid,
caffeine, sodium hicarbonate, sodimm
bromile)

U R

i ) _ Negative

It will be observed from Table I that all the compounds containing free citrie acid
gave positive mucosal tests with the exception of Bromo-Seltzer. The negative test to the
latter perhaps can be explained by the faet that the eitrie acid in Bromo-Seltzer, when
dissolved, quickly chunges to sodium citeate. It ix noteworthy that when the putient was
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testing it, he noticed that when he pluced the ervstal against the aral mucosa it dizsolved
quickly ancomparison with Alka-Seltzer ervstals which remained in solid form much
longer,

While it seemed evident from the results of our contact tests that citrie acid was
responsible for the canker sores in the clinical experiments, a question nrose as to whether
it was a marter of pH; also, even though the resultant uleers were xeen by one or both
of us after the completion of some of the tests, observations of the patient himself had to
be takew in reporting the results of wost tests, To check this, blind mucosal tests were
done by the patient with two solutions prepared by Dr. Hamilton* and marked ¢<A?°
aml ' B."" The patient was instructed to test the solutions by means of pledgets of cotton
moistened in the solution and applied to the vral mucosa for a period of three minutes
in the first test, and fifteen minutes in the later one. Different mucosal areas were used
each time and sufficient time wux allowed to elapse to permit the ensuing reaction to
diminish.  Solution “* A" produced negative results both times. Solution *‘B’’, after three
wminutes, produeed a definite positive reaction in the form of a red patch; after fifteen
minutes, & mueh Iarger area of redness was noted, although no uleer formed, probably
because of the weak concentration used. Following the completion of these tests, we were
told by Dr. Hamilton that Solution ‘“A’’ was a weak solution of HCl (tenth normal),
whereas Solution ““B'" was a weak solution (about 2.5 per cent) of citric acid in corre-
sponlding pH. These experiments, therefore, seemed to confirm the previous observations
that citric acid was the specific offending ugent, rather than the ‘‘aciility’’ or the irrita-

tive qualitivs of an acid substance,

Tasre IT. ResrLrs or Mucosan ConxTacer TESTS WiTH ORGANIC ACIDS

" SUBS

RESULT OF CONTACT TEST

Tartarie weid Mildly positive
Acetic acid (apple vinegar) Strongly positive
Lactic acid Mildly positive

Urie aeid Negative

Ascorbie aeid Negative

Nicotinie aeid Negative

Renzoie acid (15 ) Negative

The question next arose ax to whether other organic acids might act in a similar
fashion to citrie aeid. After consultation with Dr. Hamilton, a series of mueosal tests,
done either with the pure crystals or with a solution soaked in a cotton pledget, were
carried out by the patient with those organic seids most frequently found in the human
diet. The results of these tests are sunnarized in Table 11,

The muarked positive mucosal reaction to the application of acetic acid was sur-
prising.  But, at the suwe time, it explained why the patient had mouth ulcers and
gaxtrointestival svmptoms after eating foods eontaining vinegar; thus, for example, the
patient reported that he would develop u typieal right-sided migraine headache as well as
canker sores i itehing of the skin after enting foods containing vinegar, such as cole
slaw, potato sulad, or heet cooked in vinegnr, whereas he eould eat plain beef with im-
punity.  These syvimptoms were similar to those he noted after taking foods with excess
eitric acild (for example, fruit juice) but seemed more intense perhaps because he took
larger amounts,

Another question presenting itselt for further investigation was whether the or-
ganie avuls, dike citrie achld, acted by direet contaet with the bueeal mucosa or after in-
gestion or by hoth means, To determine this, the patient took a 3 grain (0.2 Gm.) capsule
(wished betorehand) of citrie acid shurtly after breakfast, He had no immedinte reae-
tion; but ~evernl hours later noted o gnawing puin in the epigastrinm, mild diarrhea, and

anthors e wreatly indebted to Robert Ho Hamilton, M.D., Professor of Riao-
Temple University School of Medicine, Philadelphia, Pennsylvania, for his invaluable
I=tanee incarrymas out some of the biochemical studies and for some of the
materiad cmployed in the tests,
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slightly irritated tongue. A month later (December, 1954), he took a8 5 grain (0.3 Gm.)
capsule of eitric acid after each of his three meats for two days, but notice:d no untoward
effects.  Despite these results, the patient observed that ingestion of foods containing
excess citrie acid (fruit juices or wine) produced not only canker sores but at times in-
flamed furuncle-like lesions usually in the nares and less commonly in the lower lid (re-
sembling a ~tye), mostly on the right side. This would seem to indieate that the organie
acids act not only after direct contact but also after getting into the stomueh and in-
testines, depending upon the amount ingested anid the amount absorbed into the circulation,

Further clinical trinls were made with other fomls, especially fresh fruits, to deter-
mine whether they woulil induce the formation of canker sores. As a result of these tests,
it was determined that canker sorex could he provoked not only by commercial fools or
drugs containing citric or ucetie acids hut also after the ingestion of the following
foods: oranges, grapes, dried apricots, raw and canned peaches, pineapple, wines espe-
cially Chianti, bramdies, beer, and most mixed aleoholie drinks.  On the other hand, he
determined that he could eat with impunity the following: raw or cookeil apple, raw or
canned pears, canteloupe, watermelon, honeydew melon, Persian melon, and raw celery
however, canned celery juice eausel a puckering sensation in his mouth, perhaps because
of the addel preservative. While most of the reacting fonds indueed canker sore forma-
tion, this wax not true of all of them. Thus, ingestion of milk or cheese precipitated head-
ache, malaise, and wheezing, but no canker sores. .

Following the dingnostie study and especially after extensive clinical trials which
revealed the offending agents, the patient eliminated as far as possible all offending foods
as well as those containing citrie acids or acetic acids. Ax a conxequence, he has noticed
definite lessening of his allergic symptoms except when he inadvertently or conseiously
is indisereet in his diet; if =0, he can easily detect the cause of hix svmptoms in retro-
spect; or if it is a eanned food, he later finds that the food contained eitrie acid of which
he previously was unaware. He also has noted definite improvement in his general physi-
cal and mental condition, especially in his power of concentration and in a lessening of
his previous irritability. The latter condition was the basis for his periodie visits to the
Clinic psychiatrist for two yenrs, but he noted no benefivial effect upon hix symproms until
after the offending foods were eliminated. He now sees the Clinic psychotherapeutist (psy-
chologist) periodically for assistance in his school problems,

COMMENT

The clinical study of this patient has revealed many inferesting features
which might find application to other similar patients.  In the first place, it
was demonstrated that the patient had o definitely abnormal reacetion or
allergy to citric acid and to foods or drugs containing it.  This reaction took
the form of eanker sores proved by direet mucosal contact tests with eitrie
acid in this patient, whereas the same agent in other control paticnts gave
negative reactions.  Similar abnormal reactions were obseryed from other or-
ganie acids, notably acetic acid. One might question the use of the term
allergy to designate a reaction to nonantigenic substances like «itric or acetice
acids, but similar abnormal reactions designated allergic oceur in relation to
various nonprotein agents (for instance, drugs) which likewise give neither
& positive skin test reaction nor demonstrable antibody.  Regardless of the
designation, our demonstration in this patient. apparently for the fiest time,
of an allergy to weak organie acids is o great importance in food allergy.
1t is another link in the ehain of evidenee indicating that allergic meactions to
foods need not necessarily oceur in relation to the proteiic companent bt niagy
take place in relation to the split produets like peptones and amino acids, or
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preformed weak organie acids, and possibly to organie acids formed from
substances in food other than proteins,  Such patients may have negative skin
test reactions to the parent foud and yet possess an allergy (of the nonatopic
typed to one of its produets. This helps to explain those instanees where the
patient has a clinieal allergy to a food and yet gives a negative skin test re-
action to its extract. Another interesting feature in this patient iy the fact
that we were able to prove by direet mucosal tests that the eanker sores were
caused by the abnormal reaction to the weak organie acids.  Similar testing
with citric acid crystals and/or a weak solution of acetie acid might be car-
ried ont in those allergic patients in whom food allergy is suspected but the
skin test veactions are negative, as for example in patients with canker sores.

Despite the elinical demonstration in this patient that contact with weak
organic acids induced the formation of canker sores, the manner by which
this is brought about raises many unexplained questions.  First is the matter
of specificity.  Thus, canker sores were produced in this patient not only by
citric acid but also by acetie acid and, to a mild degree, by tartarie and lactic
acids.  Likewise, it is not easy to explain, for example, why the canker sores
were induced by contacet with eitrie acid but not from sodium citrate. The
evidenee needed to answer these yuestions involve such matters as pl, con-
centration, solubility, or the buffer powers of organic acids compared with
that of weak HCT and can he furnished only by further experimental investi-
gation which is now in progress,

The fact that canker sores in this patient were proved to be due to allergy
to eitric acid and acetie acids is of interest also because of the popular custom
of physicians and patients to attribute these canker sores to an excessive in-
gestion of aeid foods.”” espeeially fruit juices,  Suspicion of an ctiological
relationship could not always be verified, exeept for a lessened tendeney for
the uleers to develop when the suspeeted foods were eliminated.  Our investi-
gations furnish greater support to what previously seemed like mere suspicion
and indicates that “acid foods™ actually ean have a causal relationship. They
also explain the tendeney of the patient to get eanker sores when he drank
mixed drinks containing rruit juices and not from straight lquors,

Finally, the elinical history in this patient demonstrates that symptoims
regarded as funetional or psychosomatic sometimes may he due to an un-
suspected or unproved food allergy, Thus, in the case herein reported, symp-
toms of “toxemia, " including headache, musewdar nearalgic patins, lassitude,
irritability, and inability to concentrate, improved considerably after the elim-
ination of the offending foods, including those containing eitrie acid and acotie
acid, and reappeared after their readdition. This is not new, for Rowe? many
years ago, included these symptoms in a syndrome designated by him as
“allergie toxemia,”” hut its existenee in some patients sometimes is forgotten
in our present emphasis upon funetional eauses,

SUAMARY
A oreport has been anade of a male patient. aged 37, treated Tor nasal
allergy, asthua. and migraine who for years was subject to frequent outhreaks
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of oral canker sores.  Clinieal investigation indieated that the latter usually
followed the ingestion of fouds, drugs, or carbonated heverages containinge
citrie acid.  Dircet application of eitrie aeid crystals to the oral mucosa re-
peatedly reproduced the uleer in the patient, but not in the controls,  Mucons
membrance contaet tests with substanees containing eitrie acid gave similar
positive results; likewise, tests with other wenk organic acids contained in
foods gave positive reactions to some of these, especially to acetic acid.  Avoid
anee of foods containing the positive reactors was followed by marked relief
not only of the ulcers hut also of the general “*toxie" symptoms previously
regarded as functional. This demonstration of possible allergie reactions to
weak organic acids in foods provides additional explanation for the existenee
of clinieal allergy to certain foods in some patients despite the presence of a
negative skin test reaetion.
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Acute and Subacute Toxicological Studies of
TAKEDA-Citric Acid in Mice and Rats

Hajme Yokoraxt, Tosima Usti, Takesin Nakacuens, TERUHIKO KaNaBavasm,
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Summary

The acute and subacute toxicities of PAKEDA-citric acid were examined in
mice and rats. The large single doses administered orally, subcutancously or
intraperitoncally in mice produced some behavioral changes and death by respiratory
or cardiac failurc. Though the high daily oral doses for six weeks in the rat
produced  some but minor biochemical changes of blood and wrine, no specihic

pathohistological abnormality was detected in the organs,

Introduction

TAKEDA-citric acid (NPC) is a refined final product of citric acid. produccd by the
fermentative procedure of veast belonging to the gonus Candida using normal paraflins as
nutrient carbon source (Belgian patent 716247 (July 31. 1968)). The intraperitoncal
LD,s of commercial citric acid in mice and rats are shown to be 5.0 (961 mg as anhvdrous,
and 4.6 millimole kg (881 muyika), respectively'. Daily oral administeation of 600 mg/kg
(129 in the dict) for more than 90 davs 1o rats is reported to produce no abnormalitics
in body weight ¢ain. hlood, pathohistology of the viscera, and reproduction®.  Also, daily
oral administration of 1380 mefkg of citric acid to dogs for 112 to 120 days is shown (o
produce no behavioral, hioshemical. or pathohistological abnormalitics™.  In the present
study, the acute toxicity of NPCin mice in comparison with that of commercial eitric acid

and its subacute oral toxicity for 6 weeks in rats were examined in order to confirn the salety,

Mcethods

The purity of NPC (T.ot No. M, 100) used was 99897 as citrie acid monohydrate,
Heavy metals and normal paralling were preseut at the concentration below 0.001¢ ) and
below 0.1 ppm, respectively. Abso 304 heng [} pyrene was not detected bv a maodified
method of Howard of al.”, in which 0.02 ppb of this compound could be analyzed'.  Com-
crreially available e arid was eed e positive control i U acute XTIy (et

I the aente ity (e, dewech obd e TGRSO mdee, weighing 20 o 21 g, and
Scak old male SD-JOL s, weighing 110w 1o s owere weds The animals were
Cept e an air-conditioned roon allowing 1ee acces (o a0 commercial diet (GLLA CF 2,
sl lvinhing wawer. he solations off test cotpounds b desived concentrations were
cthonnistered subeutancon-ly, intraperitoneally and ovally in volumes of 4.5 Lo I

Fody weight and 2 mlf 100w hody weisht (o mice rats. respectivelys Fhe manher

D
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Mice and rats exhibited behavioral signs sinilsr to that

Subcutancous injection:
A few minutes after administration the animals

with the oral and intraperitoncal routes.
showed mydriasis and decrease in rate of respiration, and thereafter laid dowion their
ide. Death in animal of both species given cach dosage o NPC occurred within 15
minutes to 6 days by respiration failure or emaciation.  Ia animals given high doses,
considerably marked necrosis of the skin and inflamation at the injection site were
morphologically.ol)scr\'cd. Similar but a milder inflammatory process at the injection
site was found in animals given low doses.
LD, werc shown in Table 1.

Table I.  Acute Toxicity of NPC and Citric Acid in Male Mice and Rats

Rute of LDgg, mg/kg®

Species

Samples adininistration (972, confidence limits)
p.o. 5790 { 4990 6720)
Mousc ip. 940 ( 872~ 1019)
s.c. 2700 ( 2390-- 3050)
NPU B - ce e e e ==
p.o. 11700 (10080-13570;
Rat ip. 725 ( 690- 762)
s.C. 5500 ( 4700 - 6135)
Citric acidb Motise [.).n_ 3040 (4520 - 5663)
i.p. 960 (. 888- 1037)

a: Mecthod of Litchficld and Wilcoxon.
b: CGommercial citric acid (special grade).
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II. Subacute toxicity

i, Behavioral effect:  No treated animals exhibited behavioral abnornmalities thoi
oughout the feeding period. The body-weight gain in animals fed 1.2, 204 and .87
NPC diet was found (o be depressed slightly from the end of 1 or 2 weeks and from th.
beginning of 1 week, respectively. The percent hody weight gain in animals with v
respective feeding were 98.8 92.6 and 94.07, of that ol the cantrol group, respectively fod
at the termination (Fig. 1;. The daily food-intake 100 ¢ hody weight in animals fed 1.2
2.4, and 4.8°, NPC dict was depressed by 0.7, 2.6 and 497 respectively, of the lovels in
the control animals. The mean daily NPC-intuke measured in the respective groups were
1.15, 2.26 and 4.67 g/kg/day.

ii. Morphological and biochemical examinations of blood and urine: Slight but no

significant decrease in the counts of erythrocytes and leucocytes, hematocrit value, and

hemoglobin content were detected in the animal groups given higher doses. Analysis of

the hemogram revealed only relative decrease in lvinphocytes and the relative increase

in neutrophile granulocytes (Table 11).

Table I Blood Picture in Male Rats treated Oraliy with NPC for 6 Wecks

e .

Dosage No. Erythrocytes Hemato- Hemo-  Leucocvtes Differentials
i ‘g’. R Ol‘ (~ 108 fm?) ”i(l,, ) glroll)]in (% 103/{‘“'113) Neutro- Lympho- Mono- Eosino- Baso-
Vnr et rats Ao sl (g/dh) co phils  cvtes cytes  phils  hphils
0 76800 466 16 8.42 68 904 26 02 0
+19.2 - 0.9 +0.5 +1.29
12 5 1600 54 161 8.20 34 938 26 02 0
+27.0 A4-1.5 -+ 0.8 4-1.09
24 738.0 15.0 15.8 B.02 04 at 36 06 0
1614 3.5 10.8 42,12
48 5 730.0 w2 13 T s #3828 06 0
+60.0 38 RS +1.97

a: Mean + S.D.

The total plasma protein tended to decrease in the treated animals and the same
decrease in the 2.4, groups was statistically significant.  In addition, the decrease in the
plasina albumin and the ratio of atbumin/globulin in the plasma were found only in animals
treated with the .50, NPC diet. The highest dosage group exhibited some decrease in
the plasma cholusterol level and clevated activity of GOT in the serum. Some of the
animals given higher doses showed a slightly prolonged BSP retention. The blood level
of calcium ion in the treated animals showed some decrease, which proved to be not cither
significant or dosc-dependent (Table 1115,

One of the animals fed the 4.8%, NPC dict showed an increased presence of protein
in the urine, and the occult blood reaction was deinonstrated in 4 of 5 animals fed the
4.8%, NPC dict. Many lymphocyte-like cells were detected in the sediment of the urine
with the increased presence ol protein.

it Pathohistological cxaminations: Abnormality in the size of the testis was found

in two animals fed the 1.2 and 4.87, NPC dict, respectively. The other macroscopical
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Dosage No. T.
°, of  prot,
in diet raws gv.
6.5]23
0 5
—0.17
. 6.26
1.2 3
- 0.18
6.lub*
2.4
- 0.22
€.22
+.8 5 R
=032
a: Mean = S.D.
b
¢: N, of rats used.
d

Table III.  Results of Biochemical Examination in Male Rats treated Orally wi

Alb.
g
3.01

—0.53

2.26
-0.32

2.80d
1053

Glob.
g%)

3.49
+0.38

3.29
+0.40

342
+0.51

T

T. Alk.

th NPC for 6 Weeks °

GPT  BSP

AlG  Gatr Gy Gl BUN - Creat. 50 ) LDH  GOT (R FU. retention
ratio (mg%) (mg%) (mg%) (mg%) (mg%) (mg%) (mUjml) (mUjml) (mUfml) ml) (mg%)
088 1005  77.8 1204 139 053 012 1530 1134 1434 394 032
1026 1031 4+ 60 4+149 <+ 24 1006 004 4333 1135 223 & 33  £0.05
072 965 750 1178 154 055 0.0 1836 1190 1620 406 034
1003 1051 +108 +82 4+ 13 003 001 4165 +17.3 £127 = 49  +0.09
089 962 734 1404 135 053 010 1764 1130 1644 430 041
1023 4035 + 62 =150 4+ 16 4006 40 $222 4144 £112  + 27 +0.08
0854 069  702¢ 1252 129 059 0.0 1664 1376  1750* 440  0.38®
+£0.29 +045 +001 4+ 49 371 +£0.11

. Significanily different from control, *P<0.05.

: One of animals: 1.9 g% (Alb.) and 0.49 (A/G ratio).

+ 18 +17.7 + 1.2 +£0.07

+16.2 + 4.2

sy pue DY W POY
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Table IV. Mecan Organ Wet Weights in Male Racs treated Orally with NPC for 6 Weeks

Dosage No. ]g]al Carcass Brain Heart Lungs Liver
% in of Wi,
diet rats (é) (g (%) () (2) (&) (g)
0 8 409.02 3129 76.8 214 1.29 1.38 12,24
419.2 +18.9 + 1.7 = 0.08 BRI 4-0.09 5+ 2.37
o 1.2 8 405.4 309.5 76.3 2.14 1.21 1.38 12.13
3 +14.0 +15.0 + 2.1 +0.09 4-0.09 4-0.07 +2.27
<} T s e e e e e T
ﬁ 24 8 391.2 297.2 76.0 2,07 1.25 1.39 12.36
4234 4 18.4 + 1.7 4 0.07 +0.22 +0.15 +3.38
48 8 390.5 293.5 75.6 2.03* 1.23 1.39 11.70
+23.1 +21.5 + 25 +0.10 +0.09 +0.15 4 2.43
0 8 100 76.8 0.52 0.31 0.34 2.99
4 1.2 8 100 76.3 0.53 0.30 0.3+ 3.00
_§ R S e . — e
o
x 2.4 8 100 76.0 0.53 0.32 0.35 3.16
4.8 8 100 75.6 0.52 0.31 0.35 3.00
Dosage No. Kidneys Spleen Testes Prostate 1 Thy-  Hypo- Thymus
% in of R L R L rr]::xz: ds Toid physis
diet  rats (8) (&) (s) ® 8 (mg) (mg) (g
R e (me) TR TR
0 8 1.48 1.50 0.76 1.49 149 0.63 56.1 16.6 133 068
1012 4£014  £001 $+0.14 4012 +£0.12 4+ 93 + 32 4 1.7 £0.11
. 1.2 8 1.46 1.43 0.75, 1.57  1.40 0.835*b 554 165 134 0.63
z +£0.18 +£014 011 £062 4022 4022 4 82 + 36 4 1.3 +0.08
8 ——— —a e e e e e e _— ——
é 2.4 8 1.40 1.40¢x  0,7] 1.53  1.53®  0.60 546 1564 127 068
+0.17 2018  +0.10 +0.06 --0.07 +-0.16 +98 4 26 4+ 1.5 4+0.19
48 8 1.45 151 0.68 145 1.57%  0.65 544  17.1¢®® 127 0.53*
4020 £0.19 4014 £036 4007 +£0.18 <+ 98 + 19 + L7 1010
0 8 0.36 0.37 0.18 036  0.36 0.15 13.7 4.0 32 017
g 1.2 8 0.36 0.35 0.18 0.39 0.34 021 13.7 4.1 33 015
E e e e e L o U U
Mo 24 8 0.36 0.35¢>  0.18 0.39  0.39%  0.15 139 3.9 32 017

0.38¢>  0.17 037 039 0.17 13.9 4.4 3.2° 0.13

4.8 8 0.37

: Right, L: Lefl.

: Mean4-S.D.

: Significantly different from control, *P < .05,
: No. of rats used.
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abnormality was yellowish-white miliary tubercles on the inner surface of the right
hepatic lobe. The thymus and the spleen of animals fed the 4.8°, NPC dict showed some
decline in wegiht and the decrease in thymus weight was significant. The prostate in
animals fed the 1.2°] NPC diet and the thyroid gland in animals fed the 4.82;, NPC diet
showed some decrease in weight (Table 1V).

Slight atrophy of the cortex of the thymus and of the lymph follicle of the spleen in
animals fed the 4.8%, NPC dict was observed histologically. However, other histopatho-
logical lesions especially those reflecting a decrease in organ weight, were [ound in the
organs of any of the rats fed the 1.2, 2.4 and 4.8%, NPGC djet.

Discussion

Citric acid is one of the metabolites of the TCA cycle in the body and participates in the
activity of acetylcoenzyme A carboxylase, formation of bone, and metabolism of parathyroid
hormone. The decalcifying effcet of citric acid interferes with blood clotting.  However,
daily oral administration of NPC by mixing in the dict in ratios of 1.2, 2.4 and 4.8Y,
for 6 weeks produced no behavioral abnormalitics, except a slight depression of body
weight gain and daily food-intake. Morphological and biochemical cxaminations of the
blood and urine demonstrated some but mild abnormal findings. However, many of the
findings could not be ascribed to the toxic effect of NPC. Though the blood levels of
“calcium ion in the treated animals decreased slightly, the decrease was not dose-dependent.
The urine is normally calcium-free, but calcium rapidly appears in the urinc when the
plasma concentration is elevated by even a slight degree.  The presence of occult blood in
the urine of rats given the highest dose of NPC suggests an increased output of calcium salts.
However, no evidence to support the suggestion was presented in the present experiment,
Also no delcterious effects of NPC on organs were observed histologically under the present
experimental conditions.
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1l
r" There have been quite many reports on the utillzatlon—q

of vitamin C and the related oxalic acid utilization.

Oxalic acid had been considered an end product of vitamin C
utilization in the human body, but now it is said that vi-
tamin C is also used as an energy resource, Oxalic acid

in blood and inne is medically and biochemically;significant.
It increases in cirrhosis, beriberi, and supportative dis-
eéses, accumulates in blood in cases of neuralgia or rheu-
matism( ) and also influences renal diseases and urinary
galculus; It is known that ingestion of vitamin B; and C

gives a‘favorable result to the patients of .the above

d1seases. _
In a llving body, sugar and glycine produce oxalic

acid, and citric acid produces oxalic acid and acetic acid.
These éfe excreted in urine., Oxalic acid produced by uti-
lization of vitamin C exists as NH,CONHCOCOOH combined with
urea.(z)ﬂ Citric acid, an element in oxalic acid production,
is a middle product of sugar utilization, a regular element
in a body and an important compound in the Krebs Circuit.
Vitamin By is necessary in the process of citric acid pro=-
duction from pyruvic acid and deficiency of vitamin By de-
creases citric acld. Thus oxalic acid and citric acid

are deeply related to sugar utilization, and vitamins C

and By are also significantly related to each other.
L ' .J
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B The writer reported before that a positive correlationl
is seen between the amount of orally injected vitamin C and
urinary oxalic acid excretion and also that the amount of

oxalic acld decreases during a female menstrual period.(B)

Noting the relationships between citric acid and oxalic
aeid and between vitamins C and By we studied the effect
of oral administration of TTFD and citric acid on the
urinary vitamin C and oxalic acid excretions.

Methods
(1) Examinees

The examinees were two 18 year-old females, one 19
year-old female, and one 36 year-old male., S.N, has light
anemia, S.F. light arthritis, and both R.Y. and Y.Y. are
healthy, but the latter is a heavy tea drinker.
(2) Urine collection

Urine was collected at 10130 am and 12:30 pm, to be
tested immediately.
(3) Test period

Four days as one unit between June 23 and July 17, 1967,
(4) Administration of TTFD and e¢itric acid

TTFD (50 mg) and citric acid (5 mg citric acid dis-
solved in 200 ml water containing 30 g cane sugar) were
administered at 9:00 am, since urinary vitamin C excretion

increases around 2 or 3 pm affected by breakfast or lunch,

L .
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r(5) Oxalic acid measurement =
Bergorman Elliot Method(B) was used, Colors were com-
pared at 515 mp by Hitachi spectometer Model 101,
(6) Vitamin C measurement
| Colors were comapred at 530 mu by the above speciro-
méter using Indophenal Method by Sato and others and'Pheﬁyl-
hydrazine Method by Fujita and Temuchi. -
Test Results
(1) Urine ahdva
. Averagé\urine excretion of each examinee was 69, 57,
2}, andﬁlohxml respectively before the experiment; 67, 63,
32, and 100 ml at the time of cane sugar additiong 71, 58,
30, and 92 ml at the time of TTFD administration; and 56,
62, 3%, and 102 ml at the time of citric acid administra-
t?on. R.Y. éxcretes very little urine and Y.Y. excretes as
much as 100 ml, Administration of TTFD, citric acid and
cane sugar did not change urine excretion, pH was 5.1
t0 7.2 and no change was found.
(2) Urinary vitamin C and oxalic acid exretion before the
experiment.
Téble 1 shows urine excretion of each examinee be-
fore the experiment. The measurement was taken by Phenyl=-
hydrazine Method during the first two days and by Indo-
phenol Method during the last two days of the four day ex-
Lperiment. The following tests were all done in the same wa}.
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[~ The average vitamin C excretion of S.N. was 3,58 mg %71
while S.F. showed as much as 5.60 mg %, 1.7 times as large
as S.N.'s measurement. R.Y. and Y.Y. showed 5.15 and

5.53 mg % respectively. Y.Y.'s heavy tea drinking seems

to have caused a considerably large amount of vitamin C
excretion. .it is said that in general anemia patients have
low vitamin C which plays an important role in the produc-
tion of erythrocytes in the medulla and also that a chronic
vitamin C deficiency causes low blood-iron or anemia for
which an iron preparation does not work well without vita-
min C administration. The case of S.N. seems to suggest.
the above.,

Table 1 Urinary Vitamih‘dlﬁiéretion (mgk)

IS

TR T Dl [ sz L [ . N
WL A fEReR SN " SO0, e i)Y e AR it
. 1" 2050 i T 3047
625 ’ 0.8 (TS ! 1,03 g 1.01
2% 21y 2,00 2Nl 351
1 aoon 129 381 4.%1
24 1.00 0. 493 1.05 0,43
N TV L0 Lo Lo
. | 166 .70 715 76
5 o 0.1 ' 0. 94 ol 0. 8% - (.82
2 ) T3 6. 07 6. 50
. 1 it 757 G T
i i 0. ul e 1o ’ 1o " 0. &7
2 Lo 760 T2 .80
YD 398 0.8 5. 60 0. 96 5.15 0.99 5.51 0.91
. L]
* 0RO DI AL R URTIVA S PN
As Date

Bs # of urine collection
Cs Porportion
D: Average

*y Collected at 10:30
| **: Collected at 123130 N
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r‘ Table 2 shows the urinary oxalic acid excretion. S.N7]

showed 3.3mg%, a considerably low value compared with the

others and Y. Y showed a high value, 5..5mg#%, There seems
to be a positive correlation between the urinary vitamin C
and oxalic acid excretion.

Pable 2 Urinary Oxalic Acid Excretion (mgh)

<
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Pable 3 Urinary Vitamin C Excretion (mg%) at the
Time of TTFD Administration
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of auimals in the respective dosage groups wis 6. Behavior and mortality were observed
for 7 davs alter admiiastration, and the LDy s were calewlated by the method of Litchticid

and Wilcoxon.

2622

Male SD-JCIL rats weighing 98 (o 112 ¢ and 29 0 35 davs old at the beginning of

feeding trial were used in the subacute toxicity experiments, They were divided into |
groups cach consisting of 10 animals, and maintained on a posdered commercial diet
(CLEA CL 20 and diinking water were viven ad libitmn and e room temperature
was maimtained at 23 11 with humidity of 35.4-3%,.  Five animals woere placed in cach
one metal cage and administered the test agent orally by mixing in the dict at rates of 0,
0.2, 2.4 and 4.89,, respectively.

The parameters ohserved were body weight measured individually once or two times
a weck, daily food-intakc measured in a group of 5 animals two times a week, behavioral
abnormality observed every day, and urine examination individually on 41th feeding
day. On the last feeding day, the BSP test wasp crlormed.  After fasting for 24 hours,
the blood sampled from the abdominal artery of the animals slightly anesthetized by
ether inhalation was subjected to morphological and biochemical examinations. There-
after, the animals were sacrificed by exsanguination and the organs were weighed and
fixed in 109 formalin for preparation of histological specimens stained with hematoxylin-

eosin.

Resultis

L. Acute toxicity

Oral administration:  Several minutes after administration the spontaneous move-
ment of mice and rats within the cage was observed to be activated. Fifty minutes,
thereafter, they showed motor ataxia, and then laid down on their side. Mydriasis and
decrease in rate of respiration and heart beal were observed.  Death of animals given
5790 or 7000 mg/kg ‘mice) and 12500 or 18000 mg/kg (rats) occurred within 20 to 180
minutes by respiratory failure.  One animal given 120 mgfkg (nmice) or 10420 mg/kg
(rats) of NPC! died respectively at 20 hours.  The animals which survived from the
respiratory failure began to recover gradually within several hours and showed no toxic
signs 24 hours later.  No abnormalities were found at autopsy except the presence of the
hemorrage of the gastric mucosa., LD, s and behavioral signs of almost the same order
agents were exhibited by both agents.

Intraperitoncal injection: Immediately after administration the animals showed
stretching and slow crawling thereafter some laid down on thejr side.  Death of mice
given 1250 g kg of test componnds occurred within 6 to 180 minutes by respiratory and
cardiac failurcs.  Some of mice and rats given doses below 1042 mgjkg of NPC survived
but showed tremor, slight opisthotonus and a slow avoidance reaction to external stimuli
within 30 minutes after administration.  Some of the animals dicd by emaciation 2 to 5
days after injection, while others were found to recover within 3 days. At autopsy the
surface of the spleen and liver was found to be covered with a thin whitish membrane and
there was slight hypeetrophy of liver.  No differences were observed in L), and behavioral

signs of hoth agents.
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As Date
r B: # of urine collection R

Cs Proportion
D1 Average

(3) Effect of TTFD administration on urinary vitamin C and
oxalic acid excretion

Table 3 showss the urinary vitamin C excretion at the
time of 50mg TTFD administration. Vitamin C éxcretion of
four examinees was 3¢5, 5.5, 5.1 and 5.6mg%. S.N, S.F and
R.Y showed decrease compared with before the administration.
The 2% decrease of excretion by the administration of TTFD
indicates that TTFD administration improved metabolism
which used more vitamin C in deoxidization. .

We did vitamin B, load test before this experiment,
Urinary vitamin By excretion 24 hours before the B; admini-
stration was 60, 70, 76 and 110 g respectively and the rate
of increase of urinary vitamin B, excretion 24 hours after
5mg By administration was 7, 9, 12 and 11%. The above
results indicate that S.N already had a vitamin B, deficiency,
S.F lacks vitamin By to a small extent and the other two
had normal intake of vitamin By Therefore the decrease of
urinary vitamin C excretion of S.N and S.F can be considered
as the result of improved metabolism,

Table 4 shows that TTFD administration also increases

urinary oxalic acid excretion. S.N, S.F and Y.Y showed N



rzh. 9 and 8% increase respectively, but R.Y showed 2%
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decrease. This indicates that TTFD administration generally

promotes oxalic acid excretion.

Table 4 Urinary Oxalic Acid Excretion (mg#) at the time
of TTFD Administration

. .o 1:2 Ly Y y 1:2 o IR Y
Ty SLN s F. . ROY. . R I

gt SN e ¢ " ke Y I
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S l.2 o - 1.9 X a5
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hey A il

. ot ol ¥,
| 1. ia L 0.4y L ! ) 4}

[EAAY]

1.0

(. )

t], 40

»
-|»D." 1.2 1. 08 5.1 059 5.1 0 95 5.6 0. 7%

A1 Date

B1 # of urine collection
C: Proportion

Di: Average

(4) Effect of administration of citrig acid on urinary
vitamin C and oxalic acid excretion
As shown in Table 5, urinary vitamin C excretion of the
examinees increased to 6.6, 5,6, 5,8 and 6.3mg% compared
with the time of TTFD administration. Especially the excret-
jon of S.N became almost twice, 1.8 times of that of the
time of TTFD administration. It was 1l.15 times for R.Y
and 1,14 times for Y.Y. Dr. Mori reported before that acid

Lgdministration increases urinary vitamin C excretion, so N
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[~ the effect of citric acid is well known.(s) As this studyq

focused on the effect of citric acid administration on
urinary vitamin C and oxalic acid excretion, we did not
measure urinary citric acid éxcretion. It is said that
vitamin B. deficiency increases or decreases citric acid.
The administration of citric acid increased urinary vitamin
C excretion twice from 3,5mg#% before the administration to
6.,6mg% for S.N. Vitamin C deficiency seems to be related
to the increase of citric acid and pyruvic acid in organism.
As universally said, citric acid seems to hinder the utili-
zation of vitamin C in a body as one cause of vitamin C -

deficliency in anemia.

Table 5§ Urinary Vitamin C Excretion at the time of
Citric Acid Administration (mg%)

<R N 1= Cos g ' 1 e g
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B: # of urine collection
C:s Proportion
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rfable 6 Urinary Oxalic Acid Excretion at the time of
Citric Acid Administration (mg#%)
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Table 6 shows the
urinary oxalic acid

examinees increased
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0.73

CW90

0. 86

0. »0)

0.82

effect of citric acid administration on

excretion, Theé exeretion of all the

by 20, 49, 29 and 20%. compared with

that before the administration, and showed a considerably

higher value than that of the time of TTFD administration

except S.N.

This seems to result from the fact that citric

acid -is considered to be an element of oxalic acid product-

ion and also to be related to vitamin C utilization.

Thus citric acid has a notable effect on urinary oxalic

acid excretion.
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" Tfable 7 Urinary Oxalic Acid Excretion at the time of L

Cane Suger Administration (mg#)
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Table 8 Urinary Vitamin C Excretion at the time of
Cane Suger Administration (mg#)
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(5) Effect of cane sSuger administration on urinary vitamin
C and oYalic acid excretion

Since we used the cane suger solution in oral administ-
|
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rration of citric acid, we studied the effect of this 1

solution. Tables 7 and 8 show the results of the administ-
ration of 200 ml water containing 30g cane suger. There
was little difference in urinary oxalic acid excretion
before and after the administration. Therefore cane suger

does not affect urinary vitamin C and oxalic acid excretion,

Summery

_ The following is the results of the study on effect

of the oral administration of TTFD and citric acid on

urinary vitamin C and oxalic acid excretion in adult humans,

(1) By the administration of TTFD,. the raté of utilization
of vitamin C is steadily increased and the amount of
urinary oxalic acid excretion also increases.

(2) The citric acid administration lowers the utilization
of vitamin C especially in the patients with anemia,
and it caused the deficiency of vitamin C, which
suggest some disturbances'of its utilization.

(3) The influence of citric acid on urinary oxalic acid
excretion is considerably strong and citric acid is
considered to be an element of oxalic acid production

in organism.,

I would like to express my gratitude to Ms. Eiko Yajima
L _
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and Mr. Miyako Kawahuku for their help, and Takeda Medical
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Supplies Co. for giving us TTFD.

(3)
(%)

(5)
(8)
(10)
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The present investigation was undertaken to study

the effects of TTFD™Y and citric

acid on the urinary vitamin C and oxalic acid excretion in adult humans. In the first experi-

ment, 4 adults were ingested with 50myg of TTFD daily for 4 days.

In the sccond experiment,

4 adults were ingested with 5 my of citrie acid for 4 davs, By the administsation of TTFED,

rate of utilization of vitamin C was steadily increased. and the amount of urinary
By the administration of citric acid, the rate of vitamin C

also increased.

oxalic acid

utilization was

lowered, especially in the patients of anemia, and it caused the deficiency of vitamin C. which

suggests some disturhiances of its utilization,
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